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PREFATORY NOTE 

This volume is a record of research carried on in the Kent 
Chemical Laboratory of Yale University from the opening of 
the laboratory in 1888 to the present time. It is made up, for 
the most part, of articles which have appeared from time to 
time in the American Journal of Science, of a few papers issued 
originally in the American Chemical Journal, 6ind of a few 
studies as yet impublished elsewhere. 

The previously published subject-matter is reproduced in 
essentially its original form, with, however, occasional slight 
verbal changes and corrections, 6ind a few abridgments. The 
arrangement of the material, and of the Table of Contents, 
generally follows the order of production. A classification by 
topics is presented in the Systematic Index which precedes the 
Index of Authors and the Index of Subjects. 
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A METHOD FOR THE DETERMINATION OF 
IODINE IN HALOID SALTS. 

Bt F a. GOOCH ahd p. E. BBOWNING .• 

Few problems of analysis have been more discussed than the 
estimation of iodine accompanying chlorine and bromine in 
haloid salts ; and yet the constant succession of new processes 
is sufficiently indicative that the solution of the question is 
not generally regarded as satisfactorily settled. The method 
of Fresenius, according to which iodine is liberated by nitrous 
acid, collected in carbon disulphide and titrated by sodium 
thiosulphate, finds ready acceptance for the determination of 
small amounts of iodine; but when the quantity of iodine to 
be estimated is considerable, the method is unwieldy. Proba- 
bly the process most generally in use is that based upon the 
liberation of iodine by means of a ferric salt, and the titration 
of the distillate by one or other of the well-known iodometric 
methods. The latter method is fairly accurate, but the re- 
quirement of special apparatus for properly condensing the 
distillate is detrimental to rapidity and ease of execution. In 
this process the amount of iodine set free should be measured 
exactly by the reduction of the ferric salt, and, were the ferrous 
salt produced in the course of the action sufficiently stable, the 
determination of its amount might be substituted for the titra- 
tion of the iodine, and so the collection and further treatment 
of the distillate might be dispensed with ; but ferrous salts ar»^ . 
too sensitive to atmospheric influence to preserve under the 
conditions of this process their own degree of oxidation, and 

* From the American Journal of Science, xxxiz, 188. 
1 
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the amount of iron found in the ferrous condition cannot be 
made to serve as a trustworthy indication of the reducing 
action which actually takes place in the separation of the 
iodine. The advantage of replacing the collection and ex- 
amination of the distillate by treatment of the residue is, how- 
ever, so great as to constrain us to search for some substitute 
for the ferric salt, which, by virtue of easy reducibility may 
act as a liberator of iodine from hydriodic acid, and, at the 
same time, by reason of stability after reduction, shall register 
accurately the quantity of iodine set free in the reducing 
process. The results of our experience are contained in the 
following account. 

Strong sulphuric acid, as is well known, acts upon an iodide 
in a way to liberate iodine at the cost of its own loss of oxy- 
gen, though by simple dilution of the mixture thus formed the 
action is reversed, the iodine going back into the form of hy- 
driodic acid, and the products of the reduction of sulphuric 
acid again taking back their oxygen and re-forming the acid. 
In the presence of any substance easily reducible by the deoxi- 
dation products of sulphuric acid, the liberation of iodine by 
the action of that acid upon iodides should take place without 
interference, and even more easily and completely than in the 
absence of such a substance, while the sulphuric acid should 
remain at the end of the process in its original form. K the 
products of reduction which appear in such a case in the place 
of those of the sulphuric acid should be neither readily oxidiz- 
able nor easily volatilizable, it ought to be possible to remove 
by heat the iodine set free in the action without disturbing the 
record kept of its amount by the reduced substance remaining 
in the residue. 

The qualities of arsenic acid suggest it as a substance 
likely to possess just these qualities; for, though arsenious 
«cid is converted into arsenic acid by the action of iodine in 
jilkaline solution, in acid solution the reverse is true to at least 
a limited extent, and arsenic acid liberates iodine according to 
the equation, 

H,As04 H- 2HI = H3A8O3 + HaO + I-I. 
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In company with sulphuric acid of such strength as to liberate 
the iodine from hydriodic acid, the reduction should fall in the 
end upon the arsenic, and the arsenious oxide produced should, 
nnder proper conditions, preserve the record of the iodine lib- 
erated and removed by volatilization. We therefore under- 
took experimentation upon this line, and the accompanying 
table shows the results of a preliminary investigation of the 
mode of action of a mixture of sulphuric and arsenic acids 
upon an alkaline iodide. In malriTig these tests a standard 
solution of potassium iodide was put into a test-tube, a solution 
of potassium arseniate was added, sulphuric acid mixed with 
its own volume of water was introduced, the volume of the 
liquid was adjusted, a film of kerosene 3 nun« thick was placed 
upon the sur&ce of the liquid, and the whole was heated 
gently and agitated* Kerosene was chosen in preference to 
other solvents of iodine on account of its lightness, which 
makes it float upon the mixture, and its high boiling-point, 
which permits the application of heat to hasten and complete 
the reaction. Its disadvantage is the persistency with which 
it adheres to the walls of the test-tube, so that washing with 
alcohol (or other solvent) after the completion of each test is 
necessary to prevent the transfer of the iodine of one test to 
the test next succeeding. The data of these experiments are 
indicated in tihe headings. 

It will be noted that in Series A, in which the absolute 
amount of iodine employed, its proportion to the entire vol- 
ume, ftiifi tiie amount of the arsenic salt remained the same, 
the prcqportion of sulphuric acid being the variable element, it 
is shown that the proportion of snlj^oric acid should reach at 
least twelve parts by volume in one hundred of the solution in 
order that the maximnm distinctness of the test may be devel- 
oped. An excess of solphuric acid beyond this jnDportion is 
not disadvantageous. 

In Series B the p foporl i on and absolute amount of iodine 
TBiy as wen as the proportion of acid, while the quantity of 
zneme remains invariaUe. The lesolts of this series cfmBrm 
those of ihe previofos series as to tlie proper proportion of 
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sulphuric acid to be used, and the sensitiveness of the test 
is shown to reach (in round numbers) one part by weight of 
iodine in six hundred thousand parts of the solution. 
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The tests of Series C indicate plainly that it is the sulphuric 
acid which is the potent agent in liberating the iodine, the 
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experiment in which acetic acid was substituted for sulphuric 
acid being particularly noteworthy in this connection. The 
presence of arsenic acid increases the sensitiveness of the 
reaction, but its addition beyond a very moderate amount does 
not appear to be necessary or advantageous. The presence of 
a chloride or bromide does not impair the delicacy of the test. 

The quantities of iodine taken in the experiments just 
described were necessarily small, and the question arises 
naturally as to whether the course of action would be similar 
in the presence of larger amounts of that substance and the 
correspondingly greater amount of arsenious oxide which is 
produced with its tendency to reverse the reaction according 
to which the elimination of iodine proceeds. The solution of 
this question was reached in the following experiments : 

To 60 cm^ of liquid containing 10 cm^ of sulphuric acid 
[1 : 1] and 1 cm^ of a decinormal solution of iodine in potas- 
sium iodide (0.001265 grm. of the former in 0.0018 grm. of the 
latter) was added 1 cm* of a decinormal solution of arsenious 
oxide (0.00495 grm.), an amount ten times as much as would 
be necessary to convert the iodine into hydriodic acid were 
the solution alkaline. The color of the iodine vanished gradu- 
ally under the action of the arsenious acid, but was restored 
by the addition of 1 grm. of hydrogen potassium arseniate, and 
again dispelled by another portion of arsenious acid equal in 
amount to that introduced at first. Heat was applied at this 
point, with the result that the color of iodine showed again 
faintly, and upon boiling the liquid until its volume decreased 
to 26 cm' it became colorless and yielded no iodine when agi- 
tated with nitrous acid and chloroform. 

An experiment differing from the last in that thirty times 
as much arsenious oxide and iodine were taken, gave s imilar 
results. 

It is plain, therefore, that the arsenious acid and arsenic 
acid exert opposite effects under the conditions of these 
experiments, and that one or the other prevails according to 
the proportionate composition of the solution, the degree of 
dilution, and the temperature* 
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The experiments detailed in the following statement were 
intended to determine the conditions best adapted to eliminate 
the iodine from such quantities of potassium iodide as would 
ordinarily be dealt with in the course of analysis. 

A solution of potassium iodide was placed in an Erlenmeyer 
beaker of 300 cm* capacity, followed by a solution of potassium 
arseniate and by dilute sulphuric acid [1 : 1], and the volume 
of the liquid was diluted to about 100 cm*. A mark was put 
upon the beaker to indicate the level to which the liquid was 
to be reduced, a spiral of platinum wire was placed in the 
solution to prevent explosive ebuUition, and the contents of 
the flask were boiled imtil the desired degree of condensation 
was reached. Colorlessness of the liquid at this point, though 
a fair indication of the absence of free iodine, is no indication 
that the hydriodic acid has been completely decomposed, and 
so, in the event of finding the liquid colorless, it was first 
cooled and shaken with chloroform to prove or disprove the 
absence of free iodine, and then tested for the presence of 
hydriodic acid by shaking with nitrous acid and chloroform. 

An inspection of these results shows at once that when the 
larger amounts of iodine are to be eliminated the proportion of 
sulphuric acid to the final volume after boiling needs to be 
increased somewhat beyond that which is necessary to set free 
very small portions such as were dealt with in the experiments 
of the earlier series. 

In Series D it appears that the proportion of sulphuric acid 
increases from 8.3 per cent to 25 per cent of the whole volume 
before the liquid is found to be free from iodine as such, and 
even then there sometimes remain minute though probably 
insignificant traces of hydriodic acid. 

In the experiment of Series E the liquid was diluted after 
concentration and the boiling repeated, and the volatilization 
of the iodine was thus more nearly perfected than in the cor- 
responding experiments of the previous series — a proportion 
amounting to 16.6 per cent apparently accomplishing the work 
done by 25 per cent of the same acid in a single concentration. 
The results of Series F, G, and H, are closely comparable with 
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proportion, and not the absolute amount, of sulphuric acid 
which is the great factor in the liberation of the iodine* So 
&x as concerns the purposes of good analysis these results 
indicate the elimination of iodine to a reasonable sufi&ciency 
when the reduction of bulk raises the percentage by volume of 
the strong sulphuric acid to twenty-five and to perfection, as 
in the latter determinations of Series G, when the percentage 
reaches twenty-eight and a half. It remains to be seen whether 
the arsenious oxide reduced in the separation of the iodine will 
resist successfully, under the conditions of these experiments, 
the tendency to volatilize which the presence of chlorides and 
bromides, and the consequent liberation of hydrochloric and 
hydrobromic acids, might presumably induce. 

The experiments of Series I were directed to the elucida- 
tion of this point. 

Decinormal solutions of iodine and arsenious acid were pre- 
pared, standardized, and tested against one another in the usual 
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manner. Definite portions of the solution of arsenioos acid 
were measured from a burette into Erlenme jer beakers such as 
were used m the previous experiments, sulphuric acid [1 : 1] 
and sodium chloride were added, the volume of the liquid was 
adjusted to 100 cm^ or a little more, and the process of con- 
centration by boiling was carried to the point desired and indi- 
cated by a mark upon the flask. After cooling, the acid was 
neutralized and the titration effected in the usual manner in 
the presence of an excess of acid potassium carbonate and 
starch employed as the indicator. These experiments were 
arranged upon the presumption that the essential conditions 
determining the degree of volatility of the arsenic when the 
reduction is effected by hydriodic acid are imitated, though 
neither hydriodic acid, nor arsenic acid, nor free iodine is 
present. 
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It appears in these results that there is some loss of arsenic 
in nearly every case within the limits of our experimentation, 
the amount of volatilization increasing with the ratio of sul- 
I^uric acid to the entire volume when the quantity of chloride 
present is constant, and likewise with the amount of chloride 
when the ratio of the add to the total liquid is constant. 

The effect of increasing the amount of chloride is naturally 
accounted for by the ** mass action " of the hydrochloric acid 
thus liberated upon the arsenious oxide in solution ; that it is 
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the proportion, and not the absolute amount, of sulphuric 
acid which determines the degree of volatility of the arsenic 
is explicable upon the assumption that the smallest quantity 
of sulphuric acid employed is sujficient to liberate all the 
hydrochloric acid (or, at least, neariy all), and that this, by 
its action on the arsenious oxide, forms the volatile chloride 
proportionately to the amount of water removed bodily by 
concentration or withheld from effective action by the attrac- 
tion of the sulphuric acid. 

In extending this line of experimentation to cases involving 
the action of hydrobromic acid upon arsenious oxide we found 
it sujficient for our purpose to employ only the highest degree 
of concentration recorded in the previous experiments and to 
use 1 grm. of potassium bromide — an amount corresponding, 
molecule for molecule, to about 0.6 grm. of sodium chloride. 
The results, given in Series J, indicate that under these cir- 
cumstances the loss of arsenic is inappreciable. 
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It appears, therefore, from the results of Series I, that, when 
the amount of sodium chloride present is restricted to 0.5 grm., 
the liquid may be boiled until the sulphuric acid amounts to 
88.8 per cent of it, with a loss, on the average, of 0.0008 grm. 
of arsenious oxide, and to 25 per cent with a loss of 0.0004 grm. 
With either of these proportions the results are sufficientiy 
favorable to warrant quantitative testing of a method for sepa- 
rating chlorine and iodine based upon the volatility of iodine 
and tiie non-volatility of arsenious oxide under the conditions. 
The case is even more favorable for the similar separation of 
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bromine from iodine — the loss of arsenic amounting on the 
average to 0.0001 grm., under similar conditions. The experi- 
ments of Series D to H indicated that the degree of concen- 
tration at which all iodine vanishes from the liquid corresponds 
to the presence of 28.6 per cent of the acid — a point midway 
between the points of concentration indicated above. We 
fixed this proportion, therefore, for the following experiments, 
as being rather more favorable as regards the fixity of the 
arsenic and perfect as to the elimination of iodine. The 
smallest absolute amount of sulphuric acid which we have 
used — 10 cm* of the [1 : 1] mixture — demands evaporation 
of the liquid to a bulk too small to be easily determined with 
certainty in flasks of the shape and dimensions which we 
found convenient for this work. The larger amounts of acid 
are uncomfortably large in the subsequent neutralization. 
We took, therefore, 20 cm* of the [1:1] mixture of sul- 
phuric acid and water as the amount best adapted to our 
purpose and set the limit of concentration at 35 cm*. 

The potassium iodide which we used was prepared with 
great care, by acting with resublimed iodine upon iron wire, 
three-fourths of the iodine being added to an excess of iron 
covered with distilled water, decanting the solution from the 
excess of iron when the color of iodine had vanished, adding 
the remainder of the iodine, pouring the filtered solution 
slowly into boiling water, to which the exact amount of acid 
potassium carbonate necessary to combine with the iodine had 
been added, and filtering off the magnetic oxide of iron thus 
precipitated. The solution of potassium iodide thus made, 
very faintly alkaline and entirely free from chlorine and 
bromine, was made up to a suitable volume and standardized 
by precipitating the iodine of aliquot portions by weight as 
silver iodide, which was heated and weighed upon asbestos. 
Weighed portions of this solution, containing approximately 
0.5 grm. of potassium iodide to 30 cm*, were taken for the 
tests in which the larger quantities of iodine were introduced ; 
measured portions of a solution made by diluting the former 
were employed in the tests involving the smaller amounts. 
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The sodium chloride and potassium bromide used were 
shown to be free from iodine, and the hydrogen potassium 
arseniate contained no arsenious acid. 

The mode of proceeding was, in general, like that of the pre- 
yious experiments. The solution of potassium iodide was put 
in an Erlenmeyer beaker of 800 cm* capacity, two grams of 
hydrogen potassium arseniate were added in solution and fol- 
lowed by 20 cm* of sulphuric acid [1 : 1], the liquid was 
diluted with water to a little more than 100 cm*, a platinum 
spiral was placed in the flask to secure quiet ebullition, a trap 
made by cutting off a two-bulb drying tube about an inch from 
the inside bulb was hung, large end downward, in the mouth 
of the flask to prevent mechanical loss, and the liquid was 
boiled until the level reached the 86 cm* mark 
^ put upon the flask. At this point the flask 
ll was cooled, the acid nearly neutralized with 

II sodium hydrate in solution, the neutralization 

^sL completed by acid potassium carbonate, 20 cm* 
yTT of the last being added in excess, a definite por- 
/ ll W ^^^ ^^ starch indicator added, and the contents 
^^^tBJtk ^ arsenious acid determined by titration with 
a decinormal solution of iodine for the larger 
amounts, and a centinormal solution for the 
smaller. Due correction was made for the amount of iodine 
necessary to develop the test-color in a solution prepared and 
treated similarly in all respects to the experimental solutions 
excepting the introduction of the iodide — the correction 
amounting to a single drop more of the decinormal solution 
than was required to produce the end reaction in the same 
volume of pure water containing only the starch indicator. 

The decinormal solution of iodine was made by dissolving 
12.65 grms. of carefully resublimed iodine in potassium iodide 
(proved free from iodate) and diluting to a liter. The centi- 
normal solution was made by diluting the stronger solution. 
The standardizing was effected by comparison with a solution 
of arsenious oxide containing 4.95 grm. to the liter. This 
mode of fixing the value of the solution should and, as the 
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sequel proved, did indicate the correct standard, but for the 
sake of confirmation the value of the arsenic solution was 
redetermined by titration against iodine specially purified by 
subliming off potassium iodide, resubliming between watch- 
glasses, and exposing during forty-eight hours over sulphuric 
acid. Portions of the iodine thus prepared were weighed in a 
glass-stoppered weighing bottle, dissolved in the same without 
danger of volatilization by introducing pure solid potassiiun 
iodide and a little water, and diluted and treated with the 
solution of arsenious acid measured from a burette until the 
color of iodine vanished. The excess of arsenious oxide was 
determined by titrating against the standard solution of 
iodine whose value in terms of measured portions of the 
solution of arsenious oxide was perfectly known. 
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In Series K are detailed experiments which follow the line 
marked out for the separation of iodine from chlorine and 
bromine in the haloid salts, excepting that the iodide was 
entirely omitted for the purpose of discovering whether 
hydrochloric and hydrobromic acids possess reducing action 
upon arsenic acid under the conditions. The evidence is 
plain that no arsenious oxide is formed by the action of 
0.5 grm. of sodium chloride upon 2 grm. of the arseniate 
under the circumstances as given. 

Hydrobromic acid, on the contrary, is slightly decomposed 
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with the evolution of bromine enough to give visible color to 
the concentrated liquid, but the amount of bromine lost, as 
indicated by the arsenious acid produced in its evolution, 
is only 0.0003 grm. for 0.6 grm. of potassiimi bromide, 
and 0.0001 grm. for 0.1 grm. of the bromide. Further 
experiments indicated, however, that concentration cannot go 
on to a volume less than 36 cm^ without causing serious loss 
when the maximimi amount of bromide is present. 
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In Series L are given the results of twenty-«ix determinar 
tions of iodine by the method outlined. 

Upon inspection of these results it appears that the method 
is good and reliable under all the conditions tested. 

When neither chloride nor bromide is present, the iodine is 
determinable with a mean error of 0.0002 grm. 
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When sodium chloride accompanies the iodide, the results 
show a loss^ of arsenious oxide and a consequent apparent 
deficiency of iodine — as we should expect in accordance 
with the indications of Series I. This deficiency proves to 
be proportional to the amount of iodide broken up, or the 
arsenious oxide thus produced. For 0.53 grm., approximately, 
of potassiimi iodide and 0.5 grm. of sodiimi chloride the 
deficiency measured in iodine amounted to 0.0011 grm. 
When the potassium iodide is decreased tenfold (or more) 
the deficiency falls to 0.0002 grm. It should be recalled, 
too, in this connection that the results of Series I pointed 
to increasing volatility of the arsenic with the increase of 
the sodium chloride present. 

The presence of potassium bromide results in the liberation 
of minute amoimts of bromine and a consequent increase in the 
arsenious oxide and apparent excess of iodine. The mean 
error due to this cause is 0.0008 grm. for 0.5 grm. of the 
bromide, and the variation in the quantity of iodide present is 
without effect upon it. 

The simultaneous action of the chloride and bromide tends, 
of course, to neutralize the error due to each. Thus, in the 
mixture weighing about 1.5 grm. and consisting of sodium 
chloride, potassium bromide, and potassiimi iodide in equal 
parts, the mean error amounts to 0.0003 grm.—. The largest 
error in the series is 0.0016 grm.+, when the bromide was at 
its maximum and no chloride was present; and the next 
largest was 0.0013 grm.—, when the chloride was at its 
Tnii YiTTmTn and no bromide was present. 

It is obvious that when the amounts of chloride and bromide 
present are known approximately it is possible to apply correc- 
tions which shall eliminate errors in the indicated amount of 
iodine due to the action of these substances. From the aver- 
ages of Series L it is apparent that the amount to be added in 
each case may be obtained by multiplying the product of the 
weights in grms. of sodiimi chloride and potassium iodide by 
the constant 0.004 ; and the amount to be subtracted, by multi- 
plying the weight in grms. of potassium bromide by 0.0016. 
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Thus for example, the correction in (24) will be 0.0011 grm. + 
(= 0.6X0.66X0.004) and 0.0008 grm. - (= 0.6x0.0016). The 
individual results of Series L thus corrected will stand as 
follows: 
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The mode of proceeding in the analysis of a mixture of 
alkaline chlorides, bromides, and iodides, according to this 
method, may be briefly summarized as follows: 

The substance (which should not contain of chloride more 
than an amount corresponding to 0.5 grm. of sodium chloride, 
nor of bromide more than corresponds to 0.6 grm. of potas- 
sium bromide, nor of iodide much more than the equivalent of 
0.5 grm. of potassium iodide) is dissolved in water in an 
Erlenmeyer beaker of 800 cm^ capacity, and to the solution 
are added 2 grms. of dihydrogen potassium arseniate dissolved 
in water, 20 cm^ of a mixture of sulphuric acid and water in 
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equal volnmes, and enough water to increase the total volume 
to 100 cm^ or a little more. A platinum spiral is introduced, 
a trap made of a straight two-bulb diying-tube cut off short 
is hung with the larger end downward in the neck of the 
flask, and the liquid is boiled until the level reaches the mark 
put upon the flask to indicate a volume of 35 cm^ Great 
care should be taken not to press the concentration beyond 
this point on account of the double danger of losing arsenious 
chloride and setting up reduction of the arseniate by the bro- 
mide. On the other hand, though 85 cm^ is the ideal volimie 
to be attained, failure to concentrate below 40 cm^ introduces 
no appreciable error. The liquid remaining is cooled and 
nearly neutralized by sodium hydrate (ammonia is not equally 
good), neutralization is completed by hydrogen potassium 
carbonate, an excess of 20 cm' of the saturated solution of 
the latter is added, and the arsenious oxide in solution is 
titrated by standard iodine in the presence of starch. 

With ordinary care the method is rapid, reliable and easily 
executed, and the error is smalL In analyses requiring ex- 
treme accuracy all but accidental errors may be eliminated 
from the results by applying the corrections indicated. 



II 

TWO METHODS FOR THE DIRECT DETERMI- 
NATION OF CHLORINE IN MIXTURES OF 
ALKALINE CHLORIDES AND IODIDES. 

By p. a. GOOCH xhd F. W. MAB.» 

The determination of chlorine associated with iodine in 
haloid salts is usually accomplished by differential or indirect 
means : either the two halogens are determined together in a 
portion of the assay while the iodine alone is estimated in a 
second portion by one or other of well known methods, the 
difference between the sum of the halogens and the iodine 
being the chlorine sought ; or, the silver salts of the halogens 
are weighed together and then converted into a single salt, or 
the metal, the ratio of chloride to iodide in the original salt 
being found by simple algebraic processes. If the amounts of 
iodine involved are minute, it is possible to separate that ele- 
ment by Fresenius's method of treatment with nitrous acid 
and a solvent like carbon disulphide, and then to determine 
chlorine directly in the residue ; but the manipulation of the 
process is difficult, and the results inaccurate, when much 
iodine must be removed. The only method which has been 
deemed generally applicable to the direct estimation of 
chlorine associated with iodine in haloid salts is based upon 
Lassaigne's reaction, by which the iodine is precipitated as 
palladious iodide ; but, the necessity of removing the excess 
of palladium by hydrogen sulphide before proceeding to pre- 
cipitate the chlorine is so irksome that, even in this process, it 
is found to be more convenient to fall back upon the estimation 
of chlorine as the difference between the iodine found by 
the palladiimi process and the sum of the iodine and chlorine 

♦ From Am. Jour. Sci., zxzix, 298. 
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obtained by another test in another portion of the material. A 
straightforward and easy method for determining the chlorine 
is obviously desirable, and in the work of which we here give 
an account we have endeavored to find such. 

It is a well-known fact * that when an aqueous solution of 
hydrochloric acid is boiled, a point of concentration is reached, 
by the excessive loss of acid from stronger solutions and of 
water from weaker ones, at which, for definite barometric 
pressure, the liquid boils at a constant temperature and distils 
unchanged in composition. It follows naturally that a degree 
of dilution may be reached beyond which the loss of the acid 
must be inappreciable. Indeed, Fleischer justifies his use 
of hydrochloric acid as a standard in alkalimetric processes 
upon his observation that decinormal solutions of this acid, 
and even solutions of twice the strength (7.3 grms. to the 
litre), do not yield, after ten minutes' boiling, enough acid to 
redden blue litmus paper held in the steam. Hydriodic acid 
behaves similarly to hydrochloric acid in the matter of volatil- 
izing from aqueous solutions ; but to the decomposing action 
of oxidizing agents it is far more sensitive. Our endeavor has 
been to find conditions under which hydriodic acid may be 
completely broken up, and its iodine removed from the solution 
by vaporization, while the hydrochloric is retained without 
appreciable loss. As a first step toward the solution of this 
question we initiated a series of experiments upon the volatility 
of hydrochloric acid in solutions containing sulphuric acid, 
having fixed upon the latter as the most available means of lib- 
erating hydrochloric and hydriodic acids from their compounds 
with the alkaline metals. After a few preliminary experiments 
with litmus paper exposed in the steam from boiling solutions, 
we settled down upon two modes of investigating this point. 
According to the first, the determination of the chlorine re- 
maining after concentration in solutions made up of water, 
sulphuric acid, and known amounts of the chloride, by precip- 
itating as silver chloride, filtering the precipitate on asbestos, 
and weighing, was made the test of volatility of the hydro- 
* Boscoe and Dittmar, Quart. Jour. Chem., xii, 128. 
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chloric acid ; in the second, the same object was accomplished 
by estimating the chlorine escaping from the solution, by 
passing the steam through a condenser and precipitating the 
acid in the distillate by means of silver nitrate, collecting and 
weighing the silver chloride as in the former method. 

The experiments of Series A to Series F were carried out 
according to the first method. In them portions of a dilute 
solution of potassium chloride of known value were measured 
from a burette into Erlenmeyer flasks of 500 cm* capacity, 
sulphuric acid diluted one-half was added, and the solution 
was boiled until the flask and contents removed from the flame 
and placed upon counterpoised scales just tipped the beam. A 
few trials sufficed to bring the weight to the required point, 
and the degree of concentration was determined by this means 
far more accurately than by lowering the level of the liquid 
to marks placed upon the flasks. The hydrochloric acid 
remaining after concentration was determined as described, the 
comparison of the result with the value of the standard solution 
of chloride indicating, of course, the total loss in the process. 

In the experiments of Series A, B, C, D, the effect is traced 
of increasing proportions of chloride as compared with the 
same amount of sulphuric acid taken. In those of Series C, E, 
F, the influence of changing proportions of sulphuric acid, 
while the amoimt of chloride remains the same, is brought out. 
In both sets the evidence is plain that the volatility of the 
hydrochloric acid is dependent upon the proportion of sul- 
phuric acid as well as upon the amount of the chloride present. 
It appears likewise that when the amounts of sulphuric acid 
present are reasonably small the loss of hydrochloric acid is 
inconsiderable, if the concentration is not pushed to too great 
an extreme. 

The quantities of chloride dealt with in the preceding ex- 
periments are rather smaller than those which would naturally 
be handled in practical analysis, so that it seemed best to 
extend the experimentation to solutions of greater dilution and 
containing larger amoimts of chloride. In the experiments of 
Series G, and subsequently, the second mode of treatment 
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referred to was adopted. The flask was filled as before, but 
was connected with an ordinary glass condenser so that the 
distillate might be collected and measured, and the hydro- 
chloric acid condensed with the steam was estimated by pre- 
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cipitation as silver chloride, the last being dried and weighed 
as such upon asbestos. The details of the experiments are 
given in the tabular statement. 
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It is obvious from these results that a solution containmg 
10 cm^ of the 1 : 1 sulphuric acid, or 5 cm^ of the strong acid, 
may be concentrated to 200 cm' without significant loss of 
hydrochloric acid. At a concentration of 100 cm' the loss is 
notable. In later experiments, we found that a small part of 
the precipitate which we weighed in these experiments must 
in reality have resulted from the action of the solution upon 
the rubber stopper and connectors of the apparatus ; for the 
distillate from pure water in the same apparatus yielded a 
precipitate, probably silver sulphide, which, filtered off and 
weighed, was foimd to amount to 0.0003 grm. The figures of 
Series G, therefore, overstate somewhat the volatility of 
hydrochloric acid under the circumstances, but the misrepre- 
sentation is inconsiderable. We fixed upon 800 cm' as a con- 
venient volume of liquid to manipulate in future experiments, 
and one sufficiently dilute to guarantee security against the 
volatilization of hydrochloric acid when the amount of sul- 
phuric acid does not exceed 5 cm' of the strong acid, and when 
the quantity of potassium chloride present does not exceed 1 
grm. 

The next point to be considered was the proper mode of 
breaking up hydriodic acid and volatilizing the iodine thus set 
free, while leaving the hydrochloric acid fixed. 
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The use of dihydrogen potassium arseniate, which has 
been utilized to liberate iodine according to a method recently 
developed in this laboratory/ is precluded by the necessarily 
high d^iee of dilution of the solution employed. The first 
trials were made, therefore, with ferric alum to act as the oxi- 
dizing agent according to the well known reaction of Duflos : 

2H-I + FetCSOO, = 2FeS04 + H,S04 + I-I 

We found by experiment that from a volume of 300 cm^ 
containing 10 cm* of sulphuric acid [1 : 1], 6 grms, of ferric 
alum, and 0.005 grm. of potassic iodide, every trace of iodine 
had disappeared so completely after five minutes' boiling that 
nitrous acid and chloroform collected no color in the cooled 
liquid. It transpired, however, that when the amount of 
potassium iodide was increased to 1 grm., iodine was foimd in 
considerable amount after boiling for an hour with occasional 
replacing of the water evaporated, so that the volume should 
not decrease much below 300 cm*. The failure of the iron 
alum to expel the iodine is not attributable to a deficiency in 
amount ; for the 6 grm. present were capable of decomposing 
more than a gram and a half of potassium iodide were the full 
effect theoretically possible attained. Furthermore, special 
tests in which the amount of ferric alum was increased devel- 
oped the fact that the increase was but little helpful. The 
apparent explanation of the phenomenon is that here, as in 
the liberation of iodine by means of dihydrogen potassium 
arseniate, there occurs a time in the course of action when for 
a given degree of dilution an equilibrium is established be- 
tween the tendency of the oxidizer to oxidize and that of the 
reduced residue to reverse the action. The obvious modes of 
securing completed action are the concentrating of the liquid 
and the reinforcing of the oxidizer. Application of the former 
is precluded by the danger of volatilizing hydrochloric acid; 
the simplest mode of realizing the latter — and as the result 
proved, a feasible one — is the reoxidation of the reduced 
ferrous sulphate by means of nitric acid. 

« Gooch and Browning, Am. Jour. Sci. rxirix, 188. This Yolume, p. 1. 
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When a sufiGicient amount of nitric acid is added to restore 
the iron to the ferric state, the boiling of the solution resulted 
in the complete liberation of the iodine. In dilute solutions 
the amount of nitric acid necessary to oxidize a fixed quantity 
of ferrous salt is greater than in concentrated solutions. 
Thus, while O.l cm^ of strong nitric acid should be more than 
enough to reoxidize the iron reduced by 1 grm. of potassium 
iodide when the full oxidizing action is brought out, we 
found it necessary to add to the dilute solutions with which 
we worked about 2 cm^ of the acid to complete the action 
satisfactorily. Incidentally, we found that the nitric acid by 
itself — that is, without the presence of the iron salt — is not 
effective in liberating the iodine ; for, the successive addition 
of portions of 1 cm^ of nitric acid to a solution containing 
10 cm^ of sulphuric acid [1:1], and 1 grm. of potassium 
iodide in a total volume of 400 cm* until the amount of 
nitric acid reached 5 cm^ the liquid boiling all the time, 
liberated but little iodine, while the addition at this point 
of 2.5 grm. of ferric alum determined the evolution of iodine 
in dense fimies. 

The addition of 2 cm^ or at the most 8 cm^ of strong 
nitric acid to solutions constituted as has been described 
proved to be sufficient to liberate the entire amount of iodine 
present. The question as to whether the hydrochloric acid 
is affected by the addition of so much nitric acid was settied 
in the experiments of the following series. In these deter- 
minations a little sulphurous acid was added to each distillate 
to insure the complete precipitation of the chlorine by silver 
nitrate, and sufficient nitric acid was added to redissolve the 
silver sulphite thrown down also at first. 

It appears in these results that the ferric salt has no 
perceptible influence upon the hydrochloric acid, and that 
the presence of nitric acid within reasonable limits does not 
sensibly increase the loss of hydrochloric acid which takes place 
under conditions otherwise similar, strong nitric acid to the 
amount of 5 cm* in a total volume of 800 cm* producing no 
apparent increment of loss from half a gram of hydrochloric 
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the whole volume was brought to 400 cm^ and the liquid 
was boiled with the addition of nitric acid as indicated in the 
table, 1 cm^ being added after it appeared that all iodine had 
been expelled. 

The color of the ferric salt renders it impossible to tell by 
the appearance of the solution the exact moment when the 
iodine has been expelled, and starch paper loses its sensitive- 
ness in hot vapors. We bestowed some attention, therefore, 
upon means for the detection of small amounts of iodine in 
hot steam in order to avoid the inconvenience of condensing 
the distillate and testing it for iodine. We found that red 



B£BI£S I^ 1 


/ 
[1:1]- 


1 


i 


KC1 = HCL 


KI. 


a| 


ij 


il 


AgUi ^ HCl 


Bmr. 


f^ 


g«n. 


cni» 


grnL 


gna. 


g™. 


cm* 


cm* 




grm. 


grm. 


ftm. 


10 


3* 


, 


0,4D60 


0.2426 




400 


aoo 


40 


0.0530 


0,2425 


0.0000 


10 


2* 


, , 


0.4970 


0^429 


, ^ 


400 


800 


40 


0,9534 


0.2024 


0.0005- 


10 


2* 


, 


0.4942 


0.2416 


, , 


400 


aoo 


30 


0.9609 


0.2418 


0.0002+ 


10 


2* 


2 


0.4WJ9 


0.2420 


, ^ 


4O0 


300 


30 


0.9559 


0.2431 


0.0002+ 


10 


2* 


3 


0.4950 


0,2423 




400 


350 


30 


0,9646 


0.242a 


0.000^ 


10 


2* 


3 


0.49tM) 


0^420 




400 


S50 


23 


0,9062 


0.2432 


0.0003+ 


10 


2r 


3 


0.4949 


0.2419 




400 


300 


27 


0,9623 


0.2422 


o.oooaf 


10 


2f 


6 


0-4970 


0.2429 




400 


250 


&5 


0.96li9 


0,2431 


0.0002+ 


10 


2t 


5 


0.4965 


0.2422 




400 


300 


30 


0.9624 


02422 


0.0000 


10 


2t ; 


5 


0.4t>67 


0.2428 




400 


3O0 


33 


0.9^G 


0.2423 


0.0000 


10 


2t 


6 


0.4964 


0.2427 




400 


300 


30 


0.9560 


0,2429 


0.0002+ 



litmus, preferably wet, is a most sensitive agent for the detec- 
tion of iodine under the circumstances, taking on with expo- 
sure to traces of the vapor carrying that element, a distinct 
gray-blue, deepening with exposure to larger amounts into a 
lavender-blue. The addition of 0.005 grm. of iodine to 400 
cm^ of boiling water produces immediately upon red litmus 
paper the characteristic lavender-blue color, and the test 
grows fainter and fainter as fresh test-papers are exposed, 
until at the end of five minutes, or thereabouts, when the 
litmus paper shows no color, the cooled solution yields no 

* The iron was added in the form of iron alum, 
t The iron was added as FeSO^ oxidized by HNOg. 
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iodine to nrbnons add and chlorofoim. This reaction of 
litmus we found of great Talue and in no case in which an 
exposnie of two minutes' duration &iled to develop the char- 
acteristic color were we able to find iodine in the cooled 
liquid. To prevent mechanical loss of liquid we made use 
of the tzap described in a previous paper from this laboiatoiy, 
consistii^ simply of an ordinary two-bulb straight diying 
tube cut off shoit and hung with the laige end downward 
in the mouth of tiie Erienmeyer flask.* The residue in the 
flask after the expulaon of the iodine was treated with silver 
nitrate, and the precipitated chloride was determined similarly 
to that obtained in standardizing the solution of potassium 
chloride. 

Several determinations in blank — that is, experiments from 
which the iodine was purposely omitted — are included, for 
the sake of comparison, in the tabular statement. 

These eminently satisfactoiy results prove the trustworthi- 
ness of the method. 

The fact that nitric acid appears to affect so little the 
hydrochloric acid in the solution, suggested the possibility that 
nitrous add itself might be turned to account and used in a 
similar process instead of a ferric salt and nitric acid. Some 
preliminaiy experiments were made, therefore, to test the 
behavior of hydrochloric acid under the action of nitrous acid, 
and, as they gave favorable indications, the experiments of 
Series J were undertaken to test the action quantitatively. 
The general conduct of the test was similar to that followed in 
Series I. The solution of chloride and iodide containing 
10 cm* of sulphuric acid [1 : 1] was diluted to 400 cm^ and 
agitated while the gas developed by the action of sulphuric 
acid on 2 grm. of sodium nitrite was passed into it. With 
pure sodium nitrite at hand there is probably no serious objec- 
tion to introducing that substance directly into the solution, 
but impurities in the article at our disposal made it desirable 
to generate the gas outside the solution. 

For a generator we used two straight drying tubes con- 

• See figure p. 12. 
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nected by a rubber tube and set up after the fashion of the 
von Babo generator, and regulated the rapidity of the current 
to a rate of five or six bubbles to the second by changing 
the relative elevation of the generator tubes. The iodine 
separates immediately upon the introduction of the nitrous 
fumes and escapes upon boiling in dense fumes, leaving the 
solution colorless in a very short time. The litmus test was 
applied as an additional safeguard to indicate the completion 
of the removal of the iodine. The results of the experi- 
ments as given in the accompanying table are evidently 
satisfactory. 
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The modes of proceeding to the separation of iodine and the 
estimation of chlorine according to the processes which we 
have detailed may be briefly summarized as follows : 

FivBt Method. — To the solution of the alkaline chloride and 
iodide diluted to about 400 cm* in an Erlenmeyer flask capable 
of containing a liter, are added 10 cm' of sulphuric acid of 
half strength, with 2 grm. of ferric sulphate (either in the 
form of iron alum, or ferrous sulphate oxidized in concentrated 
solution by about 0.8 cm* of nitric acid), and 8 cm* of nitric 
acid. A trap, of the form described, is hung in the neck 
of the flask, and the liquid is boiled until the steam 
which escapes no longer gives to red litmus paper, after two 
minutes' exposure, the characteristic gray-blue due to traces 
of iodine. Then 1 cm* more of nitric acid is added, and the 
test for iodine again made. When no iodine is found in the 
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escaping vapor, silver nitrate is added in excess to the contents 
of the flask, the precipitate is settled, collected in a perforated 
crucible on asbestos, dried, and weighed as silver chloride. 

Second Method. — The solution of the chloride and iodide 
contained in an Erlenmeyer flask is diluted to 400 cm^ ; 10 cm^ 
of sulphuric acid of half strength are added, and the vapor 
from 2 gnn. of sodium nitrite acted upon by dilute sulphuric 
acid (preferably in a simple generator, such as is described 
above) is passed with reasonable rapidity into the agitated 
solution. The liquid is boiled until colorless, and stiU further 
until litmus paper placed in the steam gives no reaction for 
iodine after an exposure of two minutes. The contents of the 
flask are treated with silver nitrate, and the precipitated 
chloride is treated exactly as in the first method. 

Both methods are convenient and precise. 
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A METHOD FOR THE REDUCTION OF ARSENIC 
ACID IN ANALYSIS. 

By F. a. GOOCH and P. E. BROWNING* 

Holthoff's development of Mohr's suggestion relative to the 
reduction of arsenic acid to the lower condition of oxidation 
by the action of sulphurous acid, f with the demonstration that 
arsenic acid can be evaporated even to dryness in presence of 
hydrochloric acid without danger of significant volatilization, 
has placed the analysis of ordinary compounds of arsenic, both 
natural and artificial, within the scope of Mohr's classical and 
exact method of determination by titration with iodine. As 
Holthoff left the method, it is satisfactory, so far as regards 
accuracy, and as modified by McCay, J who substitutes for the 
four hours' digestion heating for one hour in a pressure-bottle, 
is eminently successful. In the account of the experiments 
about to be described we detail our experience in an attempt 
to shorten still further the process of reduction of arsenic acid 
by making use of hydriodic acid as the active agent instead of 
sulphurous acid. 

In a recent paper § we have described a method for the 
determination of iodine in haloid salts based upon the action of 
arsenic acid, in the presence of sulphuric acid, according to the 
equation, 

HsAsO* + 2H.I = H,AsO, + H.O + I-I, 

the iodine being completely volatilized, but leaving behind in 
the arsenious acid produced by the action the record of the 

♦ From Am. Jour. Sci., xl, 66. 

t Zeitschr. anal. Chem., xziii, 378. 

t Am. Chem. Jour., vii, 873. 

§ Am. Jour. Sci., xxziz, 188. ThU Yolume, p. 1. 
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amomit of hydriodic add oiginally present. This leaetion we 
propose to utilize conversely, and to employ potassinm iodide 
in excess, in presence of solphuiic acid, to bring about the 
reduction of the arsenic acid to arsenious acid which may be 
determined, after neutralization, by the iodine method. The 
conditions of the methods are different in that in the former 
the hydriodic acid is entirely broken up by the action of the 
arsenic acid, and the iodine volatilizes easily, while in the 
latter some hydriodic acid must remain in solution until a very 
low d^ree of concentration is reached, and remaining must 
exhibit its characteristic proneness to retain free iodine. 

We find in practice that when a solution made up to con- 
tain sulphuric acid, an arseniate and potassium iodide to an 
amount somewhat in excess of that theoretically demanded to 
effect the conversion of the arsenic acid to arsenious acid, 
is boiled, iodine is evolved and the color of the liquid passes 
from the dark red when the iodine is abundant through the 
various gradations of tint to a canary yellow, and then, as 
the sulphuric acid reaches a degree of concentration sufficient 
to determine by its own specific action the liberation of iodine, 
the color again darkens, and if the process of concentration is 
continued, and much arsenic is present, crystals of arsenious 
iodide separate and form more abundantly on cooling. If 
evs^ration is pushed still farther the arsenious iodide begins 
to volatilize and at the point where the sulphuric acid fumes 
the liquid loses all color and the arsenic has vanished more or 
less completely. In one experiment conducted in this manner 
it was found, by the method to be described later, that of 
0.3861 grm. of arsenic pentoxide originally present with 1 
grm. of potassium iodide and 10 cm* of sulphuric acid [1 : 1] 
the equivalent of 0.1524 grm. remained. In another similar 
experiment in which, however, only a few milligrams of 
arsenic oxide were involved not a trace of arsenic remained at 
the end* 

It is obvious that two points in this course of action demand 
examination at the outset. First, means must be found for 
removing the remnant of free iodine which is withheld by the 
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hydriodio acid, or of rendering it hannless in the titration 
process to follow; and, secondly, the degree to which the solu- 
tion may be concentrated without loss of arsenic must be fixed. 
In our work upon the converse of this process, we noted 
particulariy the marked influence of the amount of sulphuric 
acid present upon the degree of concentration necessary to expel 
the iodine. We turned attention, therefore, at once to this 
point in the present case and investigated the effect of varying 
the proportion of sulphuric acid in solutions containing 
definite amounts of potassium iodide and potassium arseniate. 
The volume of the solution was made up to about 100 
cm* and concentrated by boiling until the color was feintest. 
Then to determine provisionally, and for preliminary purposes, 
the point at which volatilization of arsenic was likely to occur, 
the concentration was continued until the arsenious iodide 
began to separate. The results are tabulated as follows: 
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The amount of sulphuric acid which, considering rapidity 
in concentrating to the proper point, ease in neutralizing the 
acid previous to titration, and general convenience in manipu- 
lation, seemed to be best was 10 cm* of the mixture made by 
diluting the acid with an equal volume of water. This we 
fixed upon for use in future experiments and set the limit 
of concentration at 40 cm*. 

It is manifest from the phenomena described that when 
much hydriodic acid remaios in the solution the last portions 
of free iodine cannot be completely removed by heat without 
volatilization of the arsenic. We experimented, therefore, upon 
the effect of very dilute sulphurous acid upon the remnant of 
iodine in liquids constituted as described and concentrated to 
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40 cm^ the point of TniTiininTn color, the solution of sulphurous 
acid which we employed corresponding approximately to centi- 
normal iodine. We found that upon adding the sulphurous 
acid drop by drop to the hot concentrated solution the point 
at which the color vanished could be determined without diffi- 
culty, but that if the solution was permitted to stand a single 
minute the color of iodine returned, doubtless developed by 
the action of air upon the hot hydriodic acid. We adopted, 
therefore, the plan of at once diluting the solution with cold 
water as soon as the sulphurous acid had done its work and 
immediately neutralizing with potassium carbonate. When 
this mode of proceeding was followed we were unable to find 
evidence of reversion of arsenious acid to arsenic acid, magne- 
sia mixture producing in the solution no precipitate of the 
ammonium magnesium arseniate. 

Following out the same general' Unes, therefore, we pro- 
ceeded to the quantitative examination of the process. Portions 
of a standard solution of the dihydrogen potassium arseniate 
were measured from a burette into counterpoised Erlenmeyer 
flasks of 250 cm^ capacity, and the increase in weight was taken 
as the measure of the actual amount of the solution employed. 
Potassium iodide in solution, and 10 cm^ of sulphuric acid 
[1 : 1] were added, and the liquid was diluted with water to a 
volume of about 100 cm*. A trap made, as described in our 
paper upon the reverse of this process, by cutting down a 
two-bulbed drying tube,* was hung in the neck of the flask to 
prevent mechanical loss, and the liquid was rapidly concentrated 
by boiling until the volume of 40 cm', the point at which the 
color of iodine had faded to a pale yellow, was reached. At 
this point the flask was removed from the flame, its sides and 
the trap were quickly washed down, the weak sulphurous acid 
was added drop by drop from a burette until the color of tlie 
free iodine had just vanished, the liquid was immediately 
diluted with cold water, the free acid was nearly neutralized 
with potassium carbonate and the point of neutralization was 
reached and passed a little by the addition of the acid potassium 

* See figure on p. 12. 
3 
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carbonate. After cooling completely, a definite amount of 
starch solution was added and the titration of the arsenions 
acid was proceeded with as usual, due correction being made for 
the amount of iodine necessary to produce the end color into 
the volume of liquid and starch solution employed. 

The value of the standard solution of the arseniate was fixed 
by two series of determinations. One series was made accord- 
ing to Level's method of precipitating the ammonium magne- 
sium arseniate and weighing as the pyroarseniate, modified, 
however, in that the precipitate was collected on asbestos in a 
perforated crucible and ignited after moistening with ammo- 
nium nitrate. In the second series McCay's modification* 
of Reich's method was followed, excepting that the silver 
arseniate was collected, dried and weighed on asbestos in a 
perforated crucible. The mean of several closely agreeing 
determinations gave the contents of 60 grms. of the solution 
in arsenic pentoxide as 0.3824 grm. by Level's method and 
0.3830 grm. by McCay's modification of Reich's process. 
We took the mean of these figures, 0.3827 grm., as the 
standard of the solution. 

The details of the experiments with this solution are recorded 
in the following table. 



KI 
taken. 


^2iS.^^^- 


^. 


found. 


Error. 


grm. 


cm' 


grm. 


grm. 


grm. 




ri.6 


10 


0.3861 


0.8862 


0.0001-f 




1.6 


10 


0.8862 


0.3866 


0.0006- 




1.6 


10 


0.3861 


0.8862 


0.0001-h 




1.6 


10 


0.8860 


0.3862 


0.0002-h 




1.6 


10 


0.3863 


0.8862 


0.0001- 




1.6 


10 


0.3862 


0.3862 


0.0000 






10 


0.1927 


0.1922 


0.0006- 






10 


0.1928 


0.1922 


0.0006- 






10 


0.1980 


0.1926 


0.0006- 






10 


0.1980 


0.1927 


0.0008- 






10 


0.1986 


0.1929 


0.0007- 






10 


0.1929 


0.1928 


0.0001- 



Experiments in which smaller quantities of arsenic were 
handled were made similarly, excepting that the standard 
* Am. Chem. Jour., yiii, 77. 
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Bolution, from which portions for the tests were measured, 
was made by diluting the fonner standard ten times, and 
centinormal iodine was used in the titration. 



KI 
takan. 


H.S04[1:1] 
tfftitftHi 


taken. 


found. 


Error. 


grm. 


om* 


grm. 


grm. 


grm. 


1 


10 


0.0883 


0.0380 


0.0008- 


1 


10 


0.0883 


0.0386 


0.0002+ 


0.6 


10 


00383 


0.0884 


O.OCOl-f 


0.4 


10 


0.0383 


0.0886 


0.0002+ 


0.3 


10 


0.0888 


0.0386 


0.0003+ 


0.2 


10 


0.0383 


0.0884 


0.0001+ 


0.2 


10 


0.0076 


0.0074 


0.0002- 


0.2 


10 


0.0076 


0.0074 


0.0002- 


0.2 


10 


0.0088 


0.0084 


0.0004- 


0.2 


10 


0.0038 


0.0084 


0.0004- 



When the amount of hydriodic acid in solution is small, 
correspondingly smaU amounts of iodine are retained after 
concentration. In the following experiments colorless solutions 
were obtained and, for the sake of comparison with the previous 
results, these solutions were neutralized and titrated without 
treatment with sulphurous acid, there being no apparent need 
for adding it in these cases. 



KI 
taken. 


^^l:'^ 


taken. 


founa. 


Error. 


gnn. 
0.2 
0.2 


cm» 
10 
10 


grm. 
0.0088 
0.0038 


grm. 
0.0086 
0.0036 


grm. 
0.0008- 
0.0003- 



It appears, therefore, that the average error of the whole 
number of determinations (twenty-four) made by this process 
amounts to rather less than 0.0002 grm. — , falling between 
extremes of 0.0003 grm. + and 0.0007 grm. — . The entire 
amount of arsenic pentoxide handled in the twenty-four deter- 
minations was 3.7351 grms., and of this 3.7309 grm. were 
indicated in the titration as reduced to the arsenious condition. 
The loss 0.0042 grm. — the entire error of the process — 
amounts to 0.11 per cent of the amount taken. 
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Certain experiments were made to see whether the period 
of evaporation might not be dispensed with by so modifying 
the process that the entire amount of iodine set free in the 
action of the sulphuric acid, the arseniate, and the iodide 
might be reconverted at once by sulphurous acid to the con- 
dition of hydriodic acid. The conversion was apparently 
successful, but the results of the modification were several per 
cent below the truth, indicating that the digestion during 
evaporation, or the removal of the free iodine, or the combined 
effect of the two, is essential to the completion of the reduction 
of the arsenic. 

The process as we recommend it may be summarized briefly 
as follows: — To the arseniate in solution are to be added 
potassium iodide in excess of the amount needed according 
to the equation to complete the reduction, and 10 cm* of half 
and half sulphuric acid. The liquid is to be diluted to about 
100 cm* and boiled rapidly (with the precautions of trapping as 
described) until the volume is decreased to 40 cm*. Hie color 
of free iodine is to be bleached by cautious additions of 
sulphurous acid (corresponding roughly to centinormal iodine) 
and instantly diluted with water and neutralized with potassium 
carbonate, the neutral carbonate at the first and afterward the 
acid carbonate. The whole is to be cooled and titrated as usual 
with iodine, using starch as an indicator. Its advantage is in 
the rapidity with which it may be executed, the whole opera- 
tion being easily completed in a half-hour. 



IV 

THE DIRECT DETERMINATION OF BROMINE IN 

MIXTURES OF ALKALINE BROMIDES 

AND IODIDES. 

By F. a. GOOCH ahd J. B. ENSIGN .♦ 

In a recent paper from this laboratory f two methods were 
elaborated for the direct determination of chlorine in mixtures 
of alkaline chlorides and iodides. These methods are based 
upon the action of oxidizing agents in presence of free sul- 
phuric acid, upon dilute solutions of the haloid salts at the 
boiling temperature. Under conditions properly controlled, 
iodine is entirely eliminated by volatilization, leaving the 
chlorine combined and undisturbed. In the work of which 
this paper is an account we have endeavored to determine the 
applicability of the same reactions to the separation of bro- 
mine from iodine in similar association. It appeared very 
early in the work that the exact conditions which were found 
suitable in the separation of chlorine and iodine are inappro- 
priate to the separation of bromine and iodine. Thus, while 
according to one of the two methods which we discuss, the 
gas evolved from 2 grms. of sodium nitrite, passed into a 
solution containing in 400 cm^ 0.5 grm. of potassimn chloride, 
1 grm. of potassium iodide, and 5 cm* of strong sulphuric 
acid, eliminated the iodine with a mean error of 0.0002 grm. +, 
and, while according to the other process the iodine was 
removed by the action of 2 grms. of ferric sulphate and 3 cm* 
of nitric acid upon a solution similarly constituted otherwise 
with a mean error of 0.0001 grm., it was found that like con- 

• From Am. Jour. Sci., xl, 145. 

t Grooch and Mar, Am. Jour. ScL, xxziz, 293. This volume, p. 18. 
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ditions in certain experiments in which potassium bromide 
replaced the chloride were productive of errors amounting to 
from 0.0100 grm. to 0.0200 grm. in both processes. It was 
evident, therefore, that the reactions which obtained in these 
processes must be carefully studied and adjusted to make 
them applicable to the separation of bromine and iodine. 
Attention was turned at the outset to the behavior of the 
bromide taken by itself — that is, unaccompanied by an 
iodide — in boiling solutions containing the reagents of the 
process. Measured portions of solutions of potassiimi bro- 
mide and of the other reagents were brought to definite 
volume and boiled in a distillation flask connected with a 
condenser. The measured distillate was treated with silver 
nitrate after the addition of a few drops of sulphurous acid 
to convert free bromine to hydrobromic acid, and, after the 
addition of an excess of nitric acid to dissolve precipitated 
sulphite the silver bromide was settled, filtered off upon 
asbestos in a perforated crucible, dried and weighed. The 
details of these experiments are given in the accompanying 
tabular statement. 



I. 


H^4 

[1 : 1]. 


HKOs. 


KBr _ ,rp, 
taken.— ^^^• 


Initial 
volume. 


Final 
volume. 


AgBr found 
in the : 
distillate. 


HBr 

lost. 


cm* 


om< 


grm. 


grm. 


cm< 


cm* 


grm. 


grm. 


10 






0.6799 


400 


800 


0.0001 


trace 


10 






0.6799 


800 


200 


0.0008 


0.0001 


10 






06799 


200 


100 


0.0006 


0.0008 


10 






0.6799 


100 


50 


0.0024 


0.0010 


10 






0.6799 


60 


25 


0.0196 


0.0084 


n. 




8 




0.6799 


600 


500 


0.0002 


0.0001 




8 




0.6799 


500 


400 


0.0001 


trace 




3 




0.6799 


400 


800 


0.0002 


0.0001 




8 




0.6799 


800 


200 


0.0004 


0.0002 




8 




0.6799 


200 


100 


0.0019 


0.0008 




8 




0.6799 


100 


50 


0.0224 


0.0096 
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From the experiments of Series I, it becomes plain that 5 
cm^ of strong sulphuric acid (added as 10 cm^ of the mix- 
ture made by diluting the strong acid with an equal volume 
of water) and 1 grm. of potassium bromide do not interact in 
a way to set bromine free or to volatilize hydrobromic acid 
appreciably until the volume of the liquid has decreased by 
boiling to about 100 cm^. The results of Series II show, 
in like manner, that the effect of 3 cm^ of nitric acid — the 
amount which was found to be suitable in the separation of 
iodine and chlorine in presence of a ferric salt — is not 
significant until the liquid is concentrated to 200 cm^. The 
combined effect of the two acids, as shown in the experiment 
of Series III, is somewhat different. Here it is evident that 
bromine is liberated at the highest degree of dilution em- 
ployed, though the loss is hardly significant in a volume of 
liquid larger than 400 cm^ In the experiments of Series IV, 
the effect of increasing the proportions of nitric acid, while 
keeping the amount of sulphuric acid and the degree of 
change in dilution constant, was manifestly to magnify the 
decomposition of the hydrobromic acid. 

In Series V to VIII, hydrobromic acid was employed instead 
of the bromide. From the results of series V, it becomes 
evident that concentration of the pure hydrobromic acid may 
be pressed to 15 cm^ without incurring serious loss. The effect 
of the presence of sulphuric acid in raising the limit below 
which the volatilization of hydrobromic acid begins appreciably, 
is plain in the figures of Series VI. Series VII sets the voliune 
of 400 cm^ as the limit to which the same amount of hydro- 
bromic acid may be concentrated without loss in presence of 
5 cm^ of nitric acid. Series VIII indicates unmistakably that 
even at a volume of 500 cm^ the combined influences of 
sulphuric acid, nitric acid and ferric sulphate, taken in the 
amounts named, remove bromine, the loss being greater when 
the sulphuric acid is present than is the case when the nitric 
acid and ferric sulphate are present without it. 

The general indication of all these results taken together 
and brought into comparison would seem to be that improve- 
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ment in the processes for separating iodine by the use of the 
reagents whose action is here studied should lie in the 
direction of greater dilution of the solution treated. Accord- 
ingly certain experiments were undertaken following the same 
general plan already laid down, excepting that the original 
voliune of the liquid boiled was taken much larger than before, 
and the concentration guarded. Determinations were first 
made in blank; — that is to say, the process was completed 
in all respects as if iodine were present and to be separated, 
exceping that no iodide was introduced. To the solution of 
the bromide, weighed in an Erlenmeyer flask of 1200 cm^ 
capacity, were added 10 cm^ of sulphuric acid [1:1], and 
either 2 grm. of ferric sulphate and 6 cm^ of nitric acid were 
introduced or, after diluting to at least 600 cm^ of water, the 
gas from 2 grms. of sodium nitrite was passed into the liquid, 
the trap, consisting of an abbreviated calcium chloride tube 
with two bulbs, was hung in the neck of the flask,* and the 
boiling was continued for at least an hour and a half. Finally 
the solution was cooled, treated with silver nitrate, and the 
silver bromide precipitated was settled, filtered off on asbestos 
in a perforated crucible, dried and weighed. The details of 
treatment are given in the table. 









TABLE 


TX. 










w 


KaNO, iU9d 


KBr = HBr 


ii 


1 

o 


1^ 


AgBr = HBr 


Error It, I 


o 


{]} genaratcT. 




a? 


i 


Pa 


fouad. 


Hfir. 1 


em* 


grm. 


fmi. 


grm. 


cm* 


cm* 




grille 


grnL 


gnrn. 


10 


2 


0,5304 


0.?M1 


800 


500 


120 


0.8606 


0.3^5 


0.0002_ 


10 


2 


, o.&im 


0,3^163 


im 


4tK> 


m 


0.&492 


0.3669 


0.0004^ 


10 


2 


OM^l 


(^Mm 


600 


4f>0 


90 


0.8511 


0.3667 


OA1003_ 


10 


2 


0.5«flT 


OMm ! 


m-} 


400 


00 


0.S488 


0.3657 


0.001 :a._ 


10 


2 


0.5369 


0.3dfi0 


600 


400 


00 


0.8465 


0,3647 


o.oooa^ 


IN^<8O,)B4-HK0a 


grsiL cm* 


10 


2 6 


0.6.384 


0.3fi62 


800 


500 


105 


0.84P4 


0.8661 


o.onoi^ 


10 


2 & 


06384 


0,3662 


800 


600 


106 


0.84S3 


0.3666 


0.00O7— 


10 


3 5 


0.6371 


0.3062 


600 


400 


90 


0.8455 


0.3043 


0.00f>O 


10 


2 5 


0.5363 


0.3546 


aoo 


400 


90 


0.8439 


0.3636 


aoooo- 


^^_ 



















* See figure p. 12. 
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It is obvious that so far as the treatment in blank is 
concerned the degree of dilution had been reached at which 
no significant volatilization of the bromine takes place. We 
proceeded, therefore, to make the actual separation, the 
only change in conditions being the addition of 0.5 grm, of 
potassiiun iodide, which was especially prepared and used in 
solution as described in the paper to which reference has 
been made. The boiling was continued until red litmus 
paper, moistened and held in the escaping steam for a minute 
or two, showed no reaction for iodine. 

TABLE X. 



f 








1 


1 


4 
1 






r 




ir&NOa nud hk 


&BI— RBT 


P 


1 


AgBr — HBr 


Emyr in 


CD 


KX. 




labau. 


1 


« 


t<mrnl. 


UBr. 


em^ 


f^rm. 


grm. 


^nn. 


ETH). 


cm* 


cm* 




grm. 


grm. 


grm. 


10 


0.6 


2 


0.6371 


0.3652 


000 


600 


20 


0.8368 


0.3601 


0.0051- 


10 


0.6 


2 


0.5367 


0.:iU47 


600 


600 


30 


0.8337 


035^2 


0.0065- 


10 1 


0.6 


2 


9.63fi6 


0.3647 


600 


600 


20 


0.H3O9 


OMm 


0.0067- 


F^tSOa^ + HNO, 


grm* cw'p 


10 


0.5 


2 6 


0.6373 


0.3663 


700 


650 


76 


0.8170 


0.3520 


0.0133^ 


10 


0,5 


2 5 


0.6375 


O.mbb 


700 


650 


60 


0.8171 


0.35*20 


0.0135- 



In the comparison of the results of these experiments with 
those of Table IX, it is plain that, though the time of exposure 
to the boiling temperature is much shorter, the evolution of 
the iodine is attended by a not inconsiderable disappearance of 
bromine. This loss is greater in those tests in which the 
oxidation is produced by the combined action of nitric acid 
and the ferric salt. It is plain that in this form the method is 
useless. We tried next the effect of reducing the quantities 
of the reagents used by one-half, keeping the volume of the 
liquid the same, and, finding that the process, conducted 
otherwise exactly as described above, yielded under these 
new conditions 0.1825 grm. of hydrobromic acid instead of 
0.1827 grm. taken, we began a series of experiments designed 
to test the effect of varying the amounts of sulphuric acid 
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present. The other conditions were kept unchanged. Table 
XI contains the record of experiments of this sort in which 
the oxidizing effect was secured by the action of nitric acid 
and a ferric salt. In Table XII are given the results of 
experiments in which the fumes generated by the action of 
sulphuric acid upon sodium nitrite were passed into the liquid 
to set the iodine free. 

TABLE XL 



1 


KL 


F*.(B04)» + HN0^ 


E:Br = HBT 


,1 


i 


-1 


AgBr-Hllr 
found. 


Sitot in 


1 










i 

3 


1 








em* 


gnii. 


gntL 


gmu 


^tm^ 


gniL 


ClG^ 


cn^ 




gnu. 


fim. 


gtm. 


6 


0.6 


2 


3 


0.6614 


0.374S 


650 


500 


00 


0.8286 


0.3670 


0.0178^ 


4 


0.5 


2 


3 


0.6610 


0.3745 


650 


500 


90 


0.837B 


0.3610 


0.0135- 


a 


0.6 


2 


e 


0.6614 


0.8748 


660 


600 


fjO 


0.8463 


0.3647 


0.0101- 


3 


0.6 


2 


s 


0.5604 


0,5741 


660 


600 


w> 


0.8621 


0,3672 0,0060-1 


1 


0.5 


2 


3 


0.&dOS 


0.3744 


650 


500 


90 


0.S664 


0,36«6j0.006S-l 



It is plain that in both processes the loss of bromine dimin- 
ishes as the amount of sulphuric acid decreases. In the pres- 
ence of nitric acid and ferric sulphate the point is never 
reached, within the limits of our experimentation, at which 
the error is brought within allowable bounds. This mode of 
attempting the separation of bromine and iodine we therefore 
abandoned. 

On the other hand the nitrous acid process, fairly successful 
when the sulphuric acid present is restricted to 6 cm^ of the 
half and half acid (or to 2.6 cm^ of the strong acid), is estab- 
lished as trustworthy when the sulphuric acid present is held 
within the limits of 2 cm' to 4 cm' of the [1 : 1] mixture. 
The mean error of thirteen determinations in which the 
proportions last mentioned were preserved is 0, lying between 
extremes of 0.0008 grm. — and 0.0007 grm. +. When the 
quantity of sulphuric acid is still further diminished there 
appears to be a slight tendency to show an apparent excess of 
the bromide, due in all probability to the retention of a little 
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TABLE Xn. 












KL 


o'l 


KBr = B:BT 


II 


IFhal Tolimifi. 


-1 

II 


kgHt ^ HBr 


Ettot tn 
HBr, 


m 




)^3 














rrm'i 


STPi- 


gflfllL 


gttlL. 


IftiJfij 


cm* 


ImathAaGOO. 


30 


gniL 


gftD. 


ETXUh. 


(B 


0.5 


2 


0.6374 


0.3664 


600 


* 




0.8460 


0.3645 


0.O0O9- 


6 


0.5 


2 


0.6375 


0,3656 


600 








0.8447 


0,3639 


0.0016- 


5 


0.5 


2 


0.6366 


0.3647 


600 








0.8478 


0,3fl5l 


0.0004-f- 


' 6 


0.5 


2 


0.5361 


0.3644 


650 








0.8461 


0.3646 


0.0001 + 


6 


0.6 


3 


0.6106 


0.3471 


660 








0.8070 


0.3478 


0.0007-{- 


Is 


0.5 


2 


0.5500 


0.3743 


660 








0.8646 


0.3725 


0.0018- 


t* 


0.6 


2 


0.5371 


0.365^ 


660 








0.8466 


0.8647 


0.0006- 


1* 


0.5 


2 


0.5377 


0.3656 


650 








0.8473 


0.3651 


0.0004- 


(4 


0.5 


2 


0.5508 


0.3744 


650 








0.8676 


0.3737 


0,0007^ 


f3 


0.6 


2 


0.5371 


0.3652 


050 








0.8469 


0.3644 


0.0008^ 


3 


0.6 


2 


0.5365 


0.3647 


650 








0.6466 


0.8647 


0.0000 


. 3 


0.6 


2 


0.53^9 


0.3640 


650 








0.8486 


0.3666 


0.0007+ 


3 


0.6 


2 


0.5364 


0.3ti4i5 


650 








0-6471 


0.8660 


0.0O04+ 


U 


0.6 


2 


0.6505 


0.3742 


660 




, . 




0.8690 


0.3744 


0.0002f 


13 
}3 


0.5 


2 


0.0570 


a0391 


650 








0.0916 


0.0394 


0.0003+ 


0.5 


2 


0.0552 


0376 


660 








0.0B83 


0.0380 


0.0006+ 


(^ 


0.5 


2 


0.630a 


0.B647 


660 








0.8478 


0.8664 


0.0007+ 


^^ 


0.6 


2 


0.5369 


0.8660 


660 








0.8472 


0.8661 


0.0001+ 


V^ 


0.5 


2 


0.6515 


0.3747 


650 








0.8087 


0.3742 


0.0005^ 


f 1 


0.6 


2 


0.6307 


0.S648 


660 








O.S4e4 


0.3660 


0.001 !i+ 


,1 
^ 1 


0.6 


2 


0.6366 


0.3647 


650 








O.S4tK> 


0.3668 


0.0011+ 


0.6 


2 


0.6868 


0.3640 


650 








0.8492 


0.3669 


0.0010+ 


ll 


0.6 


2 


0.6616 


0.3749 


660 








0.8763 


0.3776 


0.0027+ 



combined iodine in the solution. The best proportion for 
practical use is probably 8 cm^ of the half and half acid to 
an initial volume not less than 600 cm^ — the amount lying 
midway between the proportions with which divergences 
begin to be noted. 

Other test determinations were made along the same 
lines, excepting that, instead of generating the nitrous fumes 
outside the liquid under treatment, pure sodium nitrite 
was introduced directly into the solution. The nitrite was 
prepared free from halogens by adding to its solution a 
little silver nitrate, acidulating distinctly with nitric acid, and 
filtering off the little silver chloride thus precipitated, together 
with a small amount of silver nitrite thrown down at the same 
time. The strength of the solution thus prepared was deter- 
mined by acting upon a definite portion with ferrous sulphate 
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in excess and titrating the residual feiroiis salt with potas- 
snm pennanganate. The HfftAila of these experiments are 
giren in Table XHL 
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The mean error of these seven determinations is 0.0002 
grm. +, lying between the extremes 0.0005 grm. + and 0.0001 
gnn. — . In the first five of these determinations enough 
nitrite was employed to break np one and a half times the 
amount of iodide taken, if the action is supposed to go to the 
point of setting XO free. In the last two experiments, eight 
times the quantity of the nitrite theoretically thus called for 
was taken with no apparent change in the effect. 

That iodine may be removed with reasonable accuracy from 
mixtures of iodides and bromides without disturbing the bro- 
mine is evidentiy established; and, inasmuch as the propor- 
tion in which the reagents are taken in the corresponding 
process for the separation of chlorine from iodine lie far 
within the limits found applicable to the bromine separation, 
it would be natural to suppose that in the presence of a 
chloride associated with the bromide the sum of the hydro- 
bromic jmd hydrochloric acids would be given with exact- 
ness under the conditions suitable for the estimation of the 
former. We deemed it best, however, to submit this point 
to the test of experiment. The result substantiates the 
presumption. 
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It is plain, in conclusion, that of the two methods which we 
have studied, though both are applicable to the separation of 
chlorine from iodine, but one is utilizable for the separation of 
bromine from iodine, and that under modified conditions. 
With the necessary modifications, however, it is good, and 
easily applied. It may be briefly summarized as follows: 
The neutral solution containing the bromide and iodide is 
diluted to 600 cm^ or 700 cm^ (instead of 400 cm^, which was 
found to be a sufficient dilution in the case of the separation 
of chlorine from iodine), 1 cm^ to 1.5 cm^ of strong sulphuric 
acid, or, better, 2 cm^ to 3 cm^ of the mixture made by dilut- 
ing the acid with an equal volume of water (instead of 10 cm^ 
of the 1 : 1 mixture employed in the chlorine separation), are 
added, a sufficient amount of pure sodium or potassium nitrite 
is introduced (or, if it is preferred, the gas generated by the 
action of dilute sulphuric acid upon the ordinary nitrite and 
introduced from the outside may be employed instead,) and 
the liquid is boiled, after trapping the flask as described, until 
the color has vanished and the escaping steam no longer gives 
to red litmus paper the color characteristic of iodine. The 
residual liquid is treated with an excess of silver nitrate, and 
the precipitated bromide filtered off, dried, and weighed. The 
process of boiling need not extend beyond a half hour, or a 
little more, and care should be taken that the volume of the 
liquid shall never be less than 500 cm^ We have not dealt 
with quantities of the potassium bromide and iodide larger 
than 0.5 grm. each, approximately. The presence of 0.5 grm. 
of potassium chloride does not affect the sharpness of the 
separation. 



A RAPID METHOD FOR THE DETECTION OF 
IODINE, BROMINE, AND CHLORINE IN PRES- 
ENCE OF ONE ANOTHER. 

By F. a. GOOCH and F. T. BROOKS.* 

The conditions under which iodine may be set free and sepa- 
rated quantitatively from hydrochloric and hydrobromic acid by 
the action of nitrous acid upon the acidulated solutions of the 
haloid salts have been recentiy studied in this laboratory.! 
We have endeavored in the work which is here described to so 
modify the quantitative process that the same principles of 
action, may be applied rapidly and easily to the qualitative 
detection of iodine, bromine, and chlorine, without decreasing 
to too great a degree the delicacy of the indications. It was 
found in the work referred to that when sulphuric acid is 
added to the aqueous solution of a soluble chloride, bromide, 
and iodide, with care to keep the proportion of acid within 
certain limits and the dilution of the liquid sufficient, no very 
appreciable volatilization of bromine or chlorine takes place 
during the complete expulsion of the iodine by boiling. For 
the quantitative separation of the iodine of 0,5 grm. of potassium 
iodide from a solution containing 0.5 grm. of potassium bromide 
and 0.5 grm. of potassium chloride it was found best to use 
from 1 to 2 cm* of strong sulphuric acid, and to introduce into 
the solution, measuring approximately 700 cm* in volume, 0.5 
grm. of potassiiun nitrite, or its equivalent in nitrous f lunes. It 
is obvious that work upon this scale is undesirable in rapid 
qualitative testing. For such purpose it is not a matter of 
moment that a portion of the substances looked for escapes 

» From Am. Jour. Sci., xl, 2S3. 

t Am. Jour. Sci., xjodx, 203, and xl, 145. This Tolume, pp. 18, 37. 
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the reaction, provided enough is left to furnish the indication 
sought. We planned, therefore, to attempt the separation of 
iodine from bromine and chlorine by applying the reaction 
just mentioned to small amounts of liquid in test-tubes, in the 
hope that the known losses of chlorine and bromine under the 
conditions would be proportioned to the strength of the solu- 
tion, or, in other words, that when the amounts of bromine and 
chlorine were very small they would escape volatilization, or 
that when large a sufficiency would remain to give strong tests. 

The detection of the iodine is, of course, simple. We chose 
for this purpose the reaction with sulphuric acid and potassimn 
nitrite. If the amount of iodine present is large it shows at once 
in this test, and the same portion may be treated further to sepa- 
rate the iodine. If the amount of iodine is small it may be 
found, as usual, by shaking the liquid with chloroform or 
carbon disulphide or other appropriate solvent for iodine ; or, 
in this case also, the portion under test may be utilized, if it is 
desirable, for the separation of the iodine, and for the detection 
of this element recourse may be had to the exposure of red 
litmus paper to the fumes of the boiling solution according to 
methods prescribed in the work referred to above upon the 
quantitative separation of the iodine, — the paper taking on a 
gray-blue color when exposed to very minute traces of the 
vapor of iodine, and a proportionately deeper color as the 
amount of iodine increases. After the iodine is separated, bro- 
mine and chlorine are easily found if present. We selected as 
the most available method for detecting bromine the action of 
sodium hypochlorite upon the acid solution and shaking with the 
proper solvent. For the detection of chlorine we make use of 
a modification of the well known chlorochromic anhydride test. 

As a preliminary step to the investigation of the reliability 
of our method of separating iodine from bromine, tests were 
made, for the purpose of securing definite points of compari- 
son, upon the degree of delicacy of the hypochlorous acid test 
for bromine. In these tests measured amounts of a solution of 
potassiiun bromide were drawn from a burette into test-tubes. 
To each portion were added a few drops of sulphuric acid, the 
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liquid vn& diluted with distilled water to the level of a mark 
upon the tube iudicating a volume of 10 cm*, 0.5 cm* of 
chloiof onn, or of white carbon disulphide were introduced, and 
the whole was shaken after the addition of a drop of a dilute 
solution of sodium hypochlorite. The results of these tests are 
as follows: — 
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From these results it is plain, as Fresenius has pointed out, 
iiiat clear white carbon disulphide is the more sensitive reagent, 
the delicacy of the test extending distinctly to one part in fifty 
thousand when chloroform is the solvent for bromine and to 
one part in one hundred thousand when carbon disulphide is 
employed. 

In the following series of tests the bromide was subjected to 
the same treatment which it must undergo were iodine actually 
present and expelled as we proposed. To the solution of the 
bromide in a test-tube were added a few drops of dilute sul- 
phuric acid and a few drops of a solution of potassium nitrite. 
The liquid was boiled, cooled, and treated with sodium hypo- 
chlorite as in the former tests, excepting that even after 
boiling for some time it was found to be necessary to introduce 
more of the hypochlorite than before to overcome the nitrous 
acid remaining in solution and to set free the bromine. 

4 
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Evidently the presence of nitrous acid and the treatment by 
boiling do not interfere seriously with the delicacy of the test. 
The experiments of the following series were made similarly, 
excepting that potassium iodide was added in varying amount 
to the solution of the bromide. In these tests a spiral of 
platinum wire was introduced into the test-tube to prevent too 
violent ebullition, and at intervals during the boiling the nitrite 
was added in solution, drop by drop, until the iodine was 
entirely expelled, care being taken to add a little more sulphuric 
acid toward the end of the separation to ensure completeness 
of action. The colorlessness of the liquid in the test-tube 
after this treatment is a fair indication of the entire expulsion 
of iodine, but when large amounts of bromide are present free 
bromine will color the liquid. Salts of iron or other substances 
which possess color naturally interfere likewise. In such 
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cases, and indeed in all cases, the action of the escaping steam 
upon red litmus paper is decisive. In the experiments here 
recorded this test was applied to determine the absence of iodine 
from the liquid. The residue after the expulsion of the iodine 
was treated as usual with sodium hypochlorite and shaken 
with carbon disulphide. 

These results indicate obviously that although the bromine 
is volatilized to some extent with the iodine it is nevertheless 
the case that the proportionate amount of bromine removed is 
dependent upon the absolute amount present, and that enough 
bromine always remains to permit correct inference as to the 
quantity originally present, the color test being more or less 
marked according as much or little bromide was in the solu- 
tion at the start. The delicacy of the test is a trifle less than 
that in which the bromide is alone present and not subjected 
to the treatment which we employ to remove iodine, but the 
detection of one part of potassium bromide in fifty thousand is 
certain, and that of one part in seventy thousand possible. It 
appears, furthermore, that the increase in the amount of iodine 
present is without effect upon the sensitiveness of the test ; 
for the bromine in 0,00007 grm. of potassium bromide was as 
easily found in the residue remaining after the expulsion of 
the iodine from 0.1 grm. of potassium iodide as in that left 
after the expulsion of the iodine from 0.0070 grm. of the same 
salt, and the indications in the experiments in which the ratio 
of the iodine to the bromine remained the same while the ab- 
solute amounts of both varied are precisely the same as those 
of the experiments in which the maximiun amount of iodine 
remained unchanged throughout the variations in the amount 
of bromide used. The maximum amount of potassium iodide 
employed in these tests was 0.1 grm., but there is no reason to 
suppose that this amount is not far below the maximum which 
may be successfully handled in this process. 

For the detection of chlorine we modified the well-known 
chlorochromic anhydride process so that the distillation may be 
performed in an ordinary test-tube. The substance to be tested 
is, if solid, placed in a large test-tube — 15 cm.x2 cm. is a good 
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size — and treated with sulphuric acid and potassium dichro- 
mate in the manner to be described. The substance, if a liquid, 
is rendered alkaline, if necessary, by sodium carbonate and 
evaporated to dryness in the test-tube with care to remove all 
moisture from the sides of the tube. This operation is effected 
without trouble if the tube is inclined, as much as is possible 
without spiUing the liquid, and agitated continually while the 
flame is applied to the higher parts. The evaporation effected, 
a little powdered potassium dichromate is introduced through 
a funnel with care to prevent its touching the upper parts of 
the tube, two or three cubic centimeters of strong sulphuric 
acid are added, and a trap consisting of a straight two-bulbed 
drying-tube cut off about an inch from the lai'ge bulb is hung 
in the mouth of the test-tube, the precaution having been first 
taken to moisten the interior of the bulbs with water without 
wetting the wide, straight portion which hangs within the test- 
tube. K a chloride is present the evolution of chlorochromic 
anhydride begins as soon as this sulphuric acid touches the dry 
salts in the bottom of the tube, and gentle heating, with a little 
agitation, quickly completes the evolution of the chlorine 
compound. It is the function of the moisture in the bulbs to 
decompose the fumes of the chlorochromic anhydride and to 
retain the chromic acid thus produced. When more than a 
mere trace of chlorine is present the yellow drops produced in 
the moistened bulbs are, in the absence of a bromide, sufficiently 
indicative of the presence of chlorine in the original substance, 
but the delicacy of this test is much increased by washing out 
the bulbs with a little distilled water and adding to the solu- 
tion, as Wiley recommends,* a few drops of a solution of lead 
acetate, which precipitates the yellow chromate or intensifies 
the color of the solution according to the amount of chromic 
acid acting. It often happens, when the temperature of the 
liquid in the test-tube rises a little higher than need be, that 
fumes of sulphuric acid pass into the bulbs to such an extent 
as to produce a white precipitate of lead sulphate when the 
lead acetate is subsequently added. In such cases the lead 
* Am. Chem. Jour., ii, 248. 
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sulphate is easily dissolved by the addition of a little amnionic 
acetate in saturated solution, and gentle heating, and on cool- 
ing the yeUow chromate is either precipitated or simply colors 
the liquid. It is advisable, however, as our experience proved, 
not to employ more of the ammonic acetate than the occasion 
requires, as it undoubtedly exerts some solvent action upon 
the lead chromate as weU as upon the sulphate. 

We proceeded to test in the manner described the appUca- 
hOity of this process by first testing the action upon solutions 
of pure potassimn chloride. 
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It appears, therefore, that the chlorine in 0.0005 grm. of potas- 
sium chloride is found certainly, and that indications of chlo- 
rine in amounts of the chloride ranging as low as 0.0002 grm. 
are fairly evident in tests made upon the pure substance taken 
in solution, evaporated, and treated as described. 

The effect of submitting the solution of the chloride con- 
taining also a known amount of potassium iodide to the 
process previously described for liberating the iodine, of then 
neutralizing the solution with sodium carbonate, evaporating 
to dryness, and treating with sulphuric acid and potassium 
dichromate, is shown in the following record. The potassium 
iodide used in these tests was prepared free from chlorine by 
the action of resublimed iodine upon iron wire and sub- 
sequent treatment with pure potassium carbonate. The 
nitrite was freed from chlorine by adding to its solution a 
little silver nitrate, faintly acidulating with nitric acid, and 
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filtering off the chloride precipitated with a small amount of 
the nitrite. 
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The distinctness of the color obtained in this process seems 
to be diminished a little by the process of liberating the iodine, 
but the lowest reach of the test is not very materially different 
from that made upon the pure chloride. In the following 
similar tests made with mixtures containing beside the chlo- 
ride potassium bromide alone, or the bromide as well as iodide, 
the phenomena observed were the same, excepting that the 
fumes of the bromine evolved when much bromide is present 
rise with the chlorochromic anhydride and, dissolving in the 
film of moisture in the trap, give to it their own characteristic 
color, and so obscure the effect of chromic acid. In these 
experiments, therefore, the washings of the bulbs were first 
rendered faintly ammoniacal and gently heated to destroy the 
free bromine, and then the solution was acidified with acetic 
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boiled with constant agitation. When the color of iodine 
disappears from the fumes and the solution, a drop or two 
more of sulphuric acid, and of the nitrite, are again added, 
and the boiling is repeated. When the escaping steam no 
longer gives to red litmus paper the characteristic gray-blue 
color due to the action of iodine, the process of separation is 
complete. 

A portion of the solution thus prepared is tested for bro- 
mine by cautiously adding a dilute solution of sodium hypo- 
chlorite and shaking with colorless carbon disulphide. 

The test for chlorine is made in a second portion of the 
solution from which the iodine has been removed. The liquid 
is neutralized with sodium carbonate or hydrate free from 
chlorine, evaporated to dryness in a test-tube and treated as 
described with sulphuric acid and potassium dichromate, the 
fumes of the chlorochromic anhydride which arise on gentle 
warming being condensed and converted to chromic acid by 
the film of moisture upon the interior walls of the trap. The 
trap is washed out with a very little distilled water (6 cm^ 
are enough), and the washings made slightly ammoniacal to 
destroy free bromine, if necessary, and after gentle warming 
again acidified, are tested with lead acetate. If the yellow 
chromate is precipitated the presence of chlorine in the origi- 
nal substance is proved. If the precipitate is white, as is very 
likely to be the case, a few drops of a saturated solution of 
ammonium acetate are added with caution, and the whole is 
gently warmed to dissolve the w^hite sulphate. On cooling 
the solution and shaking (or immediately if much chromic 
acid has been formed), the yellow chromate falls, or gives 
color to the solution according as the chloride was originally 
present in large or small amount. 

The process is rapid and sufficiently exact for qualitative 
testing in general. 
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ANALYSIS OF RHODOCHROSITE FROM 
FRANKLIN FURNACE, NEW JERSEY. 

Bt P. E. BROWNIXG« 

Thb specimen of liiodochrosite, an analysis of which is here 
given, was collected for the Yale Museum some two or three 
years since and was furnished to writer for examination by 
Professor E. S. Dana. It has a massive, cleavable structure 
and a bright pink color. Franklinite and willemite are im- 
mediately associated with it. The method of analysis was 
as follows: 

A portion of the mineral was dissolved in hydrochloric acid, 
evaporated to dryness to separate any silica present. The 
filtrate from silica was treated either with sodic acetate or 
ammonium hydrate, and the iron separated and weighed. 
After the separation of the iron, the zinc was precipitated as 
sulphide by hydrogen sulphide in acetic acid solution. The 
filtrate from sulphide of zinc was treated with bromine water, 
by which method the manganese comes down as black oxide. 
In two determinations ammonia was used with the bromine 
water to bring about the same result. In all these cases the 
black oxide was dissolved and reprecipitated to avoid any 
holding back of lime. The black oxide in every case was dis- 
solved by sulphurous and hydrochloric acids, precipitated as 
Dhosph^*® and weighed after ignition as pyrophosphate accord- 
• ^^ tJie method of Gibbs. The amount of manganese being 
I tr^o direct determinations were also made by Ford's 

fV^c>^9 which consists in boiling the mineral, after separating 
, silica, with strong nitric acid and potassium chlorate until 
f nines cease to be given off. The black oxide is thus 

• From Am. Jour. Sci., xl, 375. 
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directly precipitated and may be treated as above by Gibbs's 
method. These results were satisfactory in their agreement. 
The filtrate from black oxide of manganese was evaporated to 
about 800 or 400 cm^ made ammoniacal, and calcium precipi- 
tated as oxalate, dissolved, and reprecipitated in same manner. 
The filtrate from both oxalate precipitations was evaporated 
(and in two cases the residue was ignited to free it from great 
excess of salts of ammonia) and precipitated as phosphate, dis- 
solved in hydrochloric acid and reprecipitated in same manner 
with ammonia and a little hydrodisodic phosphate, ignited, and 
weighed as pyrophosphate. Each element was determined at 
least three times. Five determinations of manganese were 
made. Two analyses of the mineral were carried through in 
platinum dishes to avoid any contamination by silica in glass 
or porcelain. The amount of iron in ferrous condition was 
determined by dissolving a portion of mineral in sulphuric 
acid and titrating with a standard solution of potassimn per- 
manganate. Three determinations of carbon dioxide were 
made, taking 0.5 grm. portions, and a fourth in which 2 grm. 
were used agreed closely with the others. In these determi- 
nations the carbon dioxide was set free in suitable apparatus 
by the action of hydrochloric acid and heating, and weighed 
after absorption in potassium hydrate. The analysis is as 
follows : 

Specific gravity = 3.47. 

MnO 45.02 per cent. 

CaO 11.28 

ZnO 2.32 

MgO 1.76 

FeO 0.22 

FcOs 0.16 

SiO, 0.32 

CO, 38.94 

100.02 

The presence of silica suggested the possible presence of 
zinc silicate (ZnjSiOi) as impurity; accordingly there was 
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deducted from the ZnO found enoa^ to bakoce the silica, 
and the remaining constitaaitsweie caknlated to one htmdred 
per cent. The result is given in I below. 

I. IL 

MnO . . 45.55 per cent. MnCO, . . 73.78 per cent. 

CaO . . 1L41 CaCO, . . 20.37 

ZnO . . 1.48 ZnCO, . . 2.28 

MgO . . 1.78 MgCO,. . 3.74 

FeO . . 0.22 FeCO, . . 0.3.5 

Fe,0, . . 0.16 Fe^, . . 0.16 

CO, . . 39.40 100,68 

100.00 

The hypothetical composition of the mineral, calenlating 
tlie bases as carbonates, is given under 11 above. It will V« 
seen tiiat the amount of add (COs) required to supply th« 
bases exceeds the amount found by 0.68 per cent. The ratio 
of Mn:Ca:% = 6.4:.44. 
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ON THE SQUALLED PEROFSKITE FROM ' 
MAGNET COVE, ARKANSAS. 

By F. W. MAR.» 

In 1877 it was snown by Knop,t that the supposed per- 
ofskite of the Kaiserstuhl, contained besides titanium a con- 
siderable amount (23 per cent) of niobium and tantalum, and he 
accordingly made it an independent species and named it very 
appropriately Dysandlyte. The analysis of the similar mineral 
from Magnet Cove, Arkansas, the results of which are given 
below, shows that it is also distinct from perof skite and is to 
be classed with dysanalyte. For the material for analysis I 
am indebted to the kindness of Professor E. S. Dana. 

The method of analysis was as follows : 0.500 grm. of the 
carefully selected mineral were placed with about 15 cm^ of con- 
centrated sulphuric acid in a platinum crucible of 150 cm^ capa- 
city and, the whole being covered with a watch-glass that the 
progress of the decomposition might be easily observed, boiled 
for ten or fifteen minutes. The cooled product was poured 
into 600 or 700 cm^ of cold water and allowed to stand over 
night or until the calcium sulphate was completely dissolved. 
A small residue was usually found and this was put through 
the same process. Any final residue is silica and sometimes 
a little tantalum or niobium oxide. The former was deter- 
mined by evaporation with sulphuric and hydrofluoric acids 
and the remaining oxide was added to the main oxides. 

The solution of the mineral was then made slightly alkaline 
with ammonia and the precipitated earth filtered off. The 
lime was thrown out of the concentrated filtrate as oxalate 

• From Am. Jour. Sci., xl, 403. 
t Zeitschr. Erjst., i, 284. 
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in hydrochloric acid, and before the precipitation of the mag- 
nesia by microcosroic salt. The combined earths were pre- 
cipitated in a slightly acid solution by oxalic acid in order to 
separate from any uranimn, the cerium and yttrium groups 
separated by the sodium sulphate process and each precipitated 
again as oxalate and weighed as oxide. As appears, the main 
portion of the rarer earths belongs to the yttrium group. 

An attempt was made to take the atomic weight, but the 
result obtained, 190, is probably too high, the color showing 
that part of the sulphate was changed to a basic salt. This, 
however, with the color of the oxides, a reddish-brown, and the 
fact that the solutions do not yield an absorption spectrum, 
suggests that a chief portion of the earth is terbium oxide. 

The result of the analysis is as follows : 




Dit 



Specific gravity = 4.18. 






38.12 

0.74 

0.23 ( « r. 
{ 0.60 r®«^ 

5.66 

6.42 

0.10 

4.88 

6.08 
44.12 

0.08 

99.58 



— 66 = .693 ) 
-f- 60 = .018 J 



Molec Qaanthr. 

ratio. ratio. 

.611 or 23 X 2 1.22 



160 = .086 ) 
428 = .012 \ 
328 = .003 ) 
268 = .016 \ 
444 = .011 S 
82 = .638 I 
60 = .001 J 



.060 or 2X 6 .300 



.027 or 1 X 10 



= 4 



1.62 or 3 
= 1 



.270^-^ 



.589 or 20 X 4 2.156 



1 2.48 or 5 
) = 7 
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different conditions were more carefully regulated, was made 
thus : in 400 cm^ of water were dissolved 0.5 grm. of barium 
chloride, 10 cm^ of strong hydrochloric acid, and amounts of 
the alkaline chlorides varying from 5 g^ns. to 0.05 grm., the 
whole being precipitated with 10 cm^ of a solution of sulphuric 
acid made by diluting the concentrated acid with three parts 
of water. These precipitates all settled rapidly, and the varia- 
tion in the amounts of alkali seemed to exert no very marked 
influence. Finally, these experiments seeming to point to 
hydrochloric acid as the influential factor, a series of experi- 
ments was made to test the effect of varpng the amount of 
this acid. From a solution containing in 400 cm^ 0.5 grm. of 
barium chloride and amounts of hydrochloric acid varying 
from 1 cm* to 50 cm^ the barium was thrown out by means of 
10 cm* of dilute sulphuric acid. This series showed that the 
hydrochloric acid had a very marked effect upon the precipi- 
tation of the barium sulphate. When only one or two cubic 
centimeters of hydrochloric acid were present, the precipitate 
appeared inmiediately, in a milky condition, and settled 
slowly; as the amoimt of acid was increased, a point was 
soon reached where the precipitate was not so quickly appar- 
ent, but settled out much more quickly and in a coarser con- 
dition. With 10 cm* to 15 cm* of strong hydrochloric acid in 
the solution, the precipitate settled clear in ten or twelve 
minutes and was in excellent condition for filtration. When 
the solution contained 50 cm* of the acid, the precipitate set- 
tled clear in five minutes. Upon adding the sulphuric acid to 
such very acid solutions, no precipitate shows for a moment, 
but then it separates in beautiful crystalline condition and 
falls almost immediately. It can be safely filtered with or 
without pressure in ten minutes. In one instance, in the 
course of the experiments just detailed, 2 grms. of barium 
chloride were precipitated in the presence of 30 cm* of 
hydrochloric acid, the precipitate was allowed to settle clear, 
and was then filtered and washed, the whole operation being 
completed in seven minutes. This rapid subsidence of the 
precipitate is seen in hot solutions only — 75° C. being the 
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cipitation was brought about by adding 10 cm^ of the dilute 
sulphuric acid. The precipitates were filtered, after standing 
about ten minutes, upon asbestos felts in perforated platinum 
crucibles. 

The results of these detenninations indicate plainly a loss of 
barium sulphate, but inasmuch as the felts used had been 
made very thin and it had been subsequently observed that a 
small quantity of the sulphate could be collected in one of the 
filtrates of the series by giving a circular motion to the water, 
it was thought that the thinness of the felts might offer an 
explanation of the loss and of the varying results of the series. 
The following series was, therefore, made in exactly the same 
manner except that care was taken to have the felts carefully 
made and reasonably thick. 





B.CJ^.0 


BaS04 found. 




(7) 

(8) 

(9) 

(10) 


gnu* 
0.5014 
02227 
0.5003 
0.5046 


grm. 
0.4785 
0.2122 
0.4773 
0.4814 


grm. 
0.0004- 
0.0005- 
0.0004- 
0.0004- 



These results are uniform and indicate a trifling loss only; 
though in the filtrates of these experiments, also, a very 
slight, but, as it proved upon refiltering, unweighable amount 
of the sulphate could be collected. The precipitate in the last 
of these experiments was filtered off almost immediately after 
precipitation, and before it had completely subsided. In an- 
other case the whole operation, including the three weighings 
necessary was conducted to a finish in forty-five minutes. 

In spite of the appearance of the trifling deposit in the 
filtrate, the deficiency in barium sulphate in these determi- 
nations was not greater than should be expected from the 
accepted solubility of that salt in water. To ascertain the 
effect of strongly acid solutions upon the solubility of barium 
sulphate the following determinations were made. 

In experiment (11) the same amounts of the sulphuric and 
hydrochloric acids, 10 cm^ and 15 cm' respectively, were used 
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BaCl^O 


Ba80«fonDd. 


Time in mfaratM 
between preoipltep 
tSonendflltntton. 


Knot. 




fprtUm 


gna. 




grm. 


(14) 
(16) 


0.0030 


0.0024 


120 


0.0004- 


0.0060 


0.0046 


160 


0.0002- 


(16) 


0.0060 


5 0.0023 
10.0043 


6 

60 


0.002&- 
0.0006- 


(17) 


0.0060 


o.oa3i 


6 


0.0016- 


(IS) 


0.0060 


0.0040 


10 


0.0007- 


(19) 


0.0100 


0.0078 


10 


0.0017- 


(20) 


0.0100 


0.0086 


16 


0.0010- 


(21 


0.0100 


0.0088 


80 


0.0012- 


(22) 


0.0100 


0.0087 


60 


0.0007- 



From these results it would appear that the precipitation, 
in the presence of hydrochloric acid to the amount indicated, 
does not take place so rapidly when the amount of the barium 
salt is small, but that two or three hours are sufficient for 
reasonably complete separation of the precipitate in any case. 

In all the experiments described above there was no attempt 
at a gradual admixture of the reagents but they were measured 
out and at once added to the solutions, the whole being well 
stirred. From the results obtained, it appears to be estab- 
lished, as regards the usual precautions in precipitating barium 
by means of sulphuric acid, that, contrary to former usage, it 
is highly advantageous to have the solution strongly acid with 
hydrochloric acid ; that it is not necessary to add the reagents 
drop by drop, but that the whole quantity required to complete 
the reaction may be added at once; that ordinary quantities of 
barium salts, in presence of a considerable excess of sulphuric 
and hydrochloric acids, are precipitated completely and at 
once, but that when only a few milligrams are present, the 
precipitate requires more time to separate under the same con- 
ditions. Two or three hours are, however, sufficient, and in 
no case is the excessive time of twelve hours required. 

In the light of the fact demonstrated in the preceding 
account, that hydrochloric acid may be introduced freely, and 
without detriment to the quantitative exactness of the precipi- 
tation of barium in the form of sulphate from pure solutions, 
it seemed desirable to look somewhat into the question as to 
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what the influence of a laige excess of hydrochloric acid might 
be upon the well known contaminating effect of alkaline salts 
present during precipitation, especially as it is customary to 
attempt the purification of barium sulphate thrown down in 
the reverse of this process — the determination of sulphuric 
acid by means of a soluble barium salt — by digestion of the 
washed precipitate in hydrochloric acid. The following series 
of experiments was undertaken with this end in view. The 
details are shown in the tabular statement, precipitation being 
effected in the presence of free acid and the alkaline salt. 





■"iT* 


Ba80« found. 


Error. 


HGlin 
aolution. 


preaent. 


(23) 
(24 
(26) 

m) 

iii 


gnn. 
0.6092 
0.6027 
0.6026 
0.6046 
0.6020 
0.6013 


gnn. 
0.6032 
0.4907 
0.4944 
0.4939 
0.4931 
0.4849 


gnn. 
0.0169+ 
0.0107+ 
0.0164+ 
0.0122+ 
0.0137+ 
0.0061+ 


cms 
110 
10 
100 
10 
10 
10 


gnn. 

KCIO, 3 

" 8 

KCl 6 

6 

6 

NaCl 6 



From the results it is plain that, whatever may be the effect 
of digesting the washed precipitate in hydrochloric acid, the 
presence of this acid in large excess during precipitation in the 
presence of alkaline salts, does not prevent contamination of 
the precipitate. On the contrary, the greatest contamination 
seems to have occurred in those cases in which the acid was 
present to the largest degree, but, in view of the slight varia- 
tion in contamination as compared with the great differences 
in the amount of acid employed, it does not appear probable 
that the increase of Eicid has very much to do with the amount 
of contamination. 

It likewise seemed to be a matter of some interest in this 
connection, to investigate the process by which it is currently 
supposed* that barium sulphate carrying alkaline salts may 
be effectually purified, viz. : by the solution of the washed pre- 
cipitate in strong sulphuric acid and reprecipitation by water. 
Accordingly the determinations of the following series were 

♦ Free., Quant. Anal., i, 647. 
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undertaken. The barium sulphate, precipitated from solutions 
containing 5 grm. of potassium chloride and 10 cm^ of hydro- 
chloric acid, was collected upon a filter, either paper or asbestos, 
and, after burning the paper or removing the precipitate from 
the asbestos (by tapping the crucible which held it and brush- 
ing out with a camel's-hair brush), was dissolved by warming 
with concentrated sulphimc acid in a large porcelain crucible 
and, after cooling, poured into water containing 15 cm* to 20 
cm* of hydrochloric acid. The water into which the solutions 
in strong ticid were poured was warmed with a view to diminish 
the milkiness of the precipitate, but care must be taken to 
keep the temperature below 60° C. to avoid danger of spatter- 
ing on the addition of the sulphuric acid. In the last two of 
the experiments recorded a large amount of ammonium chlo- 
ride was added to the water into which the solutions in acid 
were poured, but this appears to have been without influence 
upon the purification or the character of the precipitation. 
The precipitates, after settling clear, were filtered upon asbestos, 
ignited and weighed, the original felts being employed in those 
cases in which asbestos was used in the first instance. Those 
marked with an asterisk were gathered in the first filtration 
upon paper, the paper being burned in the crucible in which 
solution of the precipitate was subsequently effected. The 
remainder were filtered originally upon asbestos. 





BaCl^ 2H,0 


Ba80« found. 


Brror. 




gnn. 


gnn. 


grm. 


1 


291 


0.6026 


0.4746 


0.0044- 


{ 


80 1 


a5035* 


0.4880 


0.0022+ 


{ 


81 > 


0.6016 


0.4767 


0.0024- 


1 


82 > 


0.6026 


0.4S04 


0.0060+ 


1 


88i 


0.6046* 


0.4829 


0.0010+ 


(34) 


0.6004 


0.4826 


0.0047+ 



These results show, evidently, that this process of purifica- 
tion is not satisfactory. It is possible that the losses observed 
may have been mechanical, and due to the violent action of 
the strong Eicid upon the water, but the excess in weight which 
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were made exactly like those of the last series, with the excep- 
tion that the evapoiation was effected by means of the Hempel 
apparatus. 





taken. 


Ba80«foiuid. 


SRor. 


40 
41| 
42 
(48) 
44 


gnn. 
0.6050 
0.6069 
0.6041 
0.6021 
0.4088 


gnn. 
0.4824 
0.4888 
0.4825 
0.4812 
0.4801 


gnn. 
0.0002+ 
0.0000 
0.0021+ 
0.0018+ 
0.0005- 



Though not an absolutely perfect process, the purification 
of barium sulphate by this method of solution and evaporation 
is evidently better, by far, than the old method of solution and 
reprecipitation by dilution. 



IX 

A METHOD FOR THE DETERMINATION OF 

ANTIMONY AND ITS CONDITION 

OF OXIDATION. 

By F. a. GOOCH and H. W. GBUENI^B * 

Bunsen's method of determining qualitatively the condition 
of oxidation of salts of antimony, by boiling these substances 
in solution with potassium iodide and hydrochloric acid and 
noting whether the liquid takes the color of free iodine, has 
been applied successfully to the quantitative determination of 
antimony in its highest condition of oxidation by Weller,t 
who distils the iodine from the solution, collects it in the 
distillate and, determining it volumetrically, calculates from 
the amount of it found the antimonic salt which sets it free 
according to the equation 

SbClg + 2H.I = SbCl, + 2HC1 + I-L 

The advantage of treating the residue, rather than the distil- 
late, in analytical processes in general which involve distil- 
lation is so obvious as to constrain us to seek conditions under 
which Bunsen's reaction may be applied in such a manner that 
the antimony shall be held and estimated directly in the residue. 
The general plan of work was laid down in a similar process 
elaborated in this laboratory for the reduction of arsenic acid-J 
According to this process the arsenic to be reduced is taken in 
a solution of appropriate dilution, and treated with sulphuric 
acid in adjusted amoimt and an excess of potassiiun iodide. 
The liquid thus prepared is boiled to a definite degree of con- 
centration, the iodine then remaining unexpelled, if any, is 
bleached by the very careful addition of dilute (centinormal) 

* From Am. Jour. Sci., xlii, 213. 

t Ann. Chem. (Liebig), ccxiii, 246. 

I Gooch and Browning, Am. Jour. Sci, xl, 66. This Tolume, p. 30. 
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sulphurous Eicid, and the liquid is immediately diluted and 
neutralized. After cooling, the reduced arsenic is titrated by 
standard iodine in presence of starch. 

We found in preliminary experimentation that the same 
general plan of treatment is available in the handling of anti- 
monic compounds, but it is necessary to take precautions to 
prevent the deposition of the antimony from solution upon the 
addition of the sulphuric acid. Tartaric acid accomplishes this 
effect satisfactorily and does not, as the result proved, intro- 
duce undesirable complications. It transpired also that the 
dilution of the solution at which the crystalline iodide or 
oxy-iodide separates out during the boiling is greater than is the 
case when similar amounts of arsenic are dealt with. It 
appeared, for example, that concentration to 45 cm^ was 
sufficient to cause crystallization and slight sublimation when 
the amount of antimonious oxide present (with excess of 
potassiiun iodide and 10 cm^ of sulphuric acid, 1 : 1) was 
approximately 0.2 grm. Otherwise the process as employed 
in the reduction of arsenic appeared to be applicable to thd 
similar treatment of antimony. 

The following quantitative experiments were undertaken to 
discover the condition of concentration best suited to the 
reduction of antimonic salts under circiunstances otherwise 
like those adapted to the reduction of arsenic, and to test the 
perfection of the process. Definite amounts of tartar emetic, 
purified by recrystallization, were used to make the antimonic 
salt to be afterward reduced, the antimony being raised to the 
highest degree of oxidation by titration with standard iodine 
after the addition of sodium tartrate (to prevent the precipita- 
tion of the antimony during the process of oxidation) and 
hydrogen sodiiun carbonate in the usual excess. In this 
process starch was sometimes employed to give the end reac- 
tion, and sometimes reliance was placed upon the appearance 
of the color of free iodine, experience having indicated that 
the use of the starch is not essential when the solutions are 
sufficientiy small in voliune, though as a matter of course, 
the correction demanded for the excess of iodine necessary to 
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nearly neutralized with sodium hydrate, made alkaline by 
hydrogen sodium carbonate added in an excess amounting to 
about 20 cm^ of the saturated solution, was titrated with the 
standard (decinormal) iodine after the addition of a fresh 
portion of starch. 

Table I contains the account of experiments in which the 
larger amounts of antimony were employed. 

TABLE L 



Final 
Tolttme. 


Tkrtar emetio 


BUG, 


Iodine uBed 

in final 
oxidation. 


foand. 


Srror. 


cm> 


gmx. 


gnn. 


grill. 


gnn. 


gmu 


100 


0.6021 


0.2178 


0.8622 


0.2004 


0.0174- 


80 


0.6030 


0.2181 


0.3784 


0.2168 


0.0028- 


60 


0.6008 


0.2172 


0.8768 


0.2144 


0.0028- 


60 


0.6010 


0.2173 


0.8780 


0.2161 


0.0022- 


60 


0.6010 


0.2178 


0.8809 


0.2168 


0.0006- 




[66 


0.6023 


0.2178 


0.3827 


0.2178 


0.0000 




66 


0.6016 


0.2176 


0.3806 


0.2166 


0.0009- 




60 


0.6007 


0.2172 


0.3814 


0.2171 


0.0001- 




60 


0.6039 


0.2186 


0.8839 


0.2186 


0.0000 




46 


0.6001 


0.2169 


0.8818 


0.2173 


0.0004+ 




46 


0.6004 


0.2170 


0.8826 


0.2176 


0.0006+ 



The results of these experiments indicate unmistakably that 
complete reduction may be brought about under the conditions, 
but that concentration to a volume of from 45 cm^ to 55 cm* 
during the boiling is not only advantageous but necessary. 
The mean error of the determination in which the final volume 
fell within these limits was zero between limits of 0.0009 grm. 
— , or 0.0006 grm. -{-. In both determinations in which a final 
volume of 45 cm* was reached, and in one of the experiments 
in which the final volume was 50 cm*, the formation of the 
crystalline antimonious iodide or oxyiodide in the liquid was 
noted, and the deposition of a very slight sublimate of the 
same salt in the trap. It. is evident, therefore, that it would 
be hazardous to attempt to push the concentration further. 
In all these experiments hydriodic acid was present in amount 
equivalent to 1.1 grm. of potassium iodide — 0.6 grm. intro- 
duced as iodine and 0.6 grm. introduced as such in the stand- 
ard iodine where it plays the part of solvent. 
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In the experiments recorded in Table 11, smaller amounts of 
antimony and correspondingly smaller quantities of the oxidiz- 
ing solution were employed; otherwise, the same general mode 
of proceeding was followed. The limits of concentration fixed 
upon were, however, varied somewhat. The previous experi- 
ments showed plainly that anything like a complete reduction 
of the antimony could not be anticipated when the final 
volume was greater than 60 cm^ and the experience with the 
smaller amounts of antimony treated in the second series 
pointed to the fact, as the work progressed, that for them the 
crystallization and sublimation did not occur until the concen- 
tration had brought about a decrease in volume to 35 cm^. 
The limits of final volume were placed therefore, for these 
experiments, at 60 cm^ and 35 cm'. Centinormal iodine was 
used for the oxidations, and bleaching with sulphurous acid 
was f oimd to be unnecessary, the amoimt of iodine liberated in 
these experiments being so small as to vanish in the concentra- 
tion so completely that no color was visible (nor was it brought 
out by starch) after washing down the trap and cooling. There 
did remain a trace of color before the addition of the water, 
but this seemed to us to be due in all probability to the incip- 
ient formation of the antimonious iodide or oxyiodide which 
is decomposed by the action of more water. At all events, it 
disappeared on the addition of water and no reoxidation of the 
antimony was found subsequently. 

TABLE n. 



Final 
yolmna. 


Tartar emetlo 
taken. 


Bb,0, 
taken. 


Iodine used 

in final 
oxidation. 


founo. 


Error. 


cm> 


grm. 


grm. 


grm. 


grm. 


grm. 


60 


0.0500 


0.0217 


0.0289 


0.0136 


0.0081- 


60 


0.0500 


0.0217 


0.0258 
0.0261 


0.0147 


0.0070- 


60 


0.0500 


0.0217 


0.0U8 


0.0069- 


60 


0.0500 


0.0217 


0.0316 


0.0180 


0.0037- 




r4o 


0.0500 


0.0217 


0.0885 


0.0219 


0.0002+ 




85 


00500 


0.0217 


0.0380 


0.0216 


0.0001- 




85 


0.0500 


0.0217 


0.0381 


0.0217 


0.0000 




35 


0.0500 


00217 


0.0882 


0.0218 


00001+ 




35 


0.0500 


0.0217 


0.0382 


0.0218 


0.0001+ 
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These results show that for the smaller amounts of antimony 
the reduction was completed only by pushing the degree of 
concentration somewhat lower than was found to be necessary 
in treating the larger amounts. The only point in which 
these experiments differ essentially from those of the previous 
series is in the quantity of the iodine solution employed to 
effect this oxidation. So far as concerns the free iodine itself, 
the conditions are similar in both series ; for the iodine is con- 
verted in both cases to hydriodic acid exactly equivalent in 
amount to the antimony acted upon. The potassium iodide 
which is added in the iodine solution produces by action upon 
the sulphuric acid present an excess of hydriodic acid, which 
is, of course, dependent upon the absolute amount of the 
iodine solution employed. The hydriodic acid is the Eictive 
agent in the reduction of the antimony, and to the greater 
mass-action in the former series of experiments might be 
attributed the more complete reduction for equal degrees of 
concentration. Accordingly the determinations of Table III 
were made to put this point to the test. In these experiments 
the conditions were identical with those of the determinations 
of Table II, excepting that in every case 1 grm. of potassium 
iodide was added to the liquid before boiling, thus bringing 
the total amount of hydriodic acid present to an equality with 
that present in the experimeuts of Table I, in which the larger 
amounts of antimony were treated. The results of these 
experiments bear out completely the hypothesis concerning 
the mass-action of the hydriodic acid — the smaller amounts of 
antimony being completely reduced in the presence of the 
large excess of hydriodic acid even at a final volume of 60 cm^ 
witiii a maximum error of 0.0002 grm.— . 

TABLE m. 



Final 
▼oloma. 


Tarter emetic 
teken. 


8^0, 
teken. 


Iodine need 

in final 
oxidation. 


found. 


Brror. 


cm» 
60 
60 
60 


grm. 
0.0500 
0.0500 
0.0600 


grm. 
0.0217 
00217 
0.0217 


gnn. 
0.0878 
0.0879 
0.0879 


gnn. 
0.0215 
0.0216 
0.0216 


gnn. 
0.0002- 
0.0001- 
0.0001- 
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TABLE IV. 



j 


Tarter 
emetic 
teken. 


S£l 


teken. 


Iodine 
need in 
first 
oxida- 
tion. 


Iodine 
need in 

oxide- 
tion. 


Difference 
between tiie 
emoonteof 
iodine need 

in the two 
ftTldetiffne. 


Brror in tenia of 1 


BbjO,. 


Aa,Ok 1 


60 
60 
60 
60 


gnn. 
0.1630 
0.1608 
0.1603 
0.1603 


gnn. 
0.0870 
0.0866 
0.0866 
0.0866 


oooo 


cm> 
19.37 
19.06 
20.06 
19.06 


cm< 
19.48 
19.02 
19.97 
19.00 


cm* 
0.0^ 
0.03- 
0.08- 
0.06- 


pppp 


pppp 



It is plain that the error in these results, whether reckoned 
as falling upon the antimonious oxide or upon the arsenious 
oxide, is quite within the limits allowable in volumetric deter- 
minations by means of decinormal solutions. One point, 
however, in the determination of the combined amounts of 
antimony and arsenic by the method here proposed deserves 
special consideration. It has been shown in the work to which 
reference has been made that arsenic is reducible by the pro- 
cess outlined and determinable with ticcuracy by titration with 
iodine standardized against arsenious oxide. In this later 
work we show that antimony may be reduced similarly and 
estimated satisfactorily by titration against iodine standardized 
against tartar emetic. These two methods of standardizing do 
not yield identical results, and so we are confronted with an 
inherent error in the process for estimating antimony and 
arsenic at once, which cannot be overcome unless the individ- 
ual amount of one or other constituent may be otherwise 
determined. If the determination of either the arsenic or 
antimony is possible it is, of course, easy to calculate with the 
use of the appropriate standard the amount of the solution of 
iodine which is really engaged in the oxidation of this particu- 
lar constituent, and the remainder of the iodine actually em- 
ployed, gauged by the second standard, will give the corrected 
amount of the second constituent. 

In case no such correction is feasible it becomes a matter of 
interest to note the magnitude of possible error. Our experi- 
ence, based upon many determinations throughout the course 
of the work detailed above, pointed to a difference in the 
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value of the two standards amounting to about one-half of 1 
per cent. If, therefore, the weight of reduced oxide amounts 
to the maximum which we have experimented with — about 
0.2 grm. — the greatest possible error will be 0.0010 grm. -}- 
or 0.0010 grm. — , according as the entire 0.2 grm. is antimo- 
nious oxide estimated by the arsenic standard, or arsenious 
oxide estimated by the tartar emetic standard. The essential 
features of the process which we propose for the reduction of 
antimony and the determination of its degree of oxidation are 
recapitulated briefly in the following statement. 

The salt of antimony, not exceeding the equivalent of about 
0.2 grm. of antimonious oxide, is titrated, in presence of 1 grm. 
of sodium tartrate and the usual excess of sodium hydrogen 
carbonate, by means of iodine standardized against tartar 
emetic. The result of this titration gives the amount of anti- 
monious salt present. To the solution are then added 4 grm. 
of tartaric, dilute sulphuric acid, if necessary, to neutralization, 
an excess of 10 cm' of half and half sulphuric acid, and enough 
potassium iodide so that there shall be present of hydriodic 
acid the equivalent of a little more than 1 grm. of the iodide. 
The liquid is diluted to 100 cm^ boiled in an Erlenmeyer 
beaker until the volume is decreased to 50 cm', the precaution 
being taken to introduce a platinum spiral to prevent bumping, 
and a trap, as described, to obviate mechanical loss. The color 
remaining after concentration, if there be any, is bleached by 
dilute sulphurous acid (approximately centinormal). The 
solution is nearly neutralized with sodium hydrate, treated 
with an excess of sodium hydrogen carbonate amounting to 20 
cm' of the saturated solution, cooled, and titrated in presence 
of starch by the standard iodine. This final titration gives, 
of course, the entire amount of antimony present. The differ- 
ence between the indications of the two titrations is the meas- 
ure of the antimony in the higher condition of oxidation. The 
method as outlined is accurate and rapid, and so simple as 
regards manipulation that a nimiber of determinations can be 
carried through simultaneously with the use of ordinary 
apparatus. 



A METHOD FOR THE ESTIMATION OF 
CHLORATES. 

By F. a. GOOCH and C. G. SMITH.* 

It has been shown in recent work in this laboratory f that 
under conditions properly controlled, arsenic acid in excess is 
capable of expelling the iodine from hydriodic acid at the boil- 
ing temperature of the solution, being itself reduced corre- 
spondingly according to the equation 

H,AsO, + 2H-I = H3ASO, + H,0 + I-L 

On cooling the liquid remaining after such treatment, and 
neutralizing, the arsenious oxide produced in the reaction may 
be reoxidized iodometricaUy in the usual manner, the iodine 
added to accompUsh this purpose being the exact measure of 
the iodine originally present as hydriodic acid and expelled 
from the acid solution during the process of boiling. 

If other sufficiently energetic and easily decomposable oxi- 
dizing agents are present at the same time with the arsenic 
acid, it would be natural to suppose that these substances will 
act similarly upon the hydriodic acid, and, furthermore, that 
the oxidizing power of the arsenic acid will not be called into 
play until that of the more unstable oxidizers has been ex- 
hausted. Chloric acid, for example, acts with great ease upon 
hydriodic acid, and it would be natural to suppose that in a 
mixture of chloric, hydriodic, and arsenic acids the mutual 
action of the chloric and hydriodic Eicids will be manifest first 
and will go on steadily to completion, and that when this effect 
is accomplished, and then only, the action of the arsenic acid, 
in liberating iodine from the residual hydriodic acid and in 

* From Am. Jour. Sci. xlii, 220. 

t Gooch and Browning : Am. Jour. Sci., zzziz, 188. This Tolume, p. 1. 
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lows : Portions of this solution were measured from a burette 
into Erlenmeyer beakers capable of holding 800 cm^ 2 grm., 
approximately, of pure dihydrogen potassium arseniate were 
added in solution, 20 cm^ of a mixture of sulphuric acid and 
water in equal volumes were introduced with enough water 
beside to increase the entire volume to a little more than 100 
cm^ A platiniun spiral was introduced to secure (^[uiet boiling, 
a trap made of a straight two-bulbed drying tube cut short 
was himg with the larger end in the* neck of the flask,* and the 
liquid was boiled imtil the level had reached a mark upon the 
flask indicating a volume of 85 cm^ experience having shown 
that this degree of concentration is sufficient and that it is 
best not to exceed it. The liquid remaining was cooled and 
nearly neutralized by sodium hydrate, acid potassiimi carbonate 
was added to alkalinity, 20 cm^ of a saturated solution of this 
salt were added in excess, and the arsenious oxide in solution 
was titrated by standardized decinormal iodine in presence 
of starch. The iodine added in the reoxidation of the 
arsenious oxide was taken as the exact equivalent of the 
iodine expelled in boiling. Several closely agreeing deter- 
minations made in this manner served to fix the standard of 
the solution. 

The action of chloric acid under similar conditions was 
tested by following out exactly the process employed in stan- 
dardizing the iodide, with the exception that weighed amoimts 
of potassium chlorate, purified by recrystallization, were also 
introduced and that the precaution was taken to have the 
potassiimi iodide present in every case to an amount at least 
eight and a half times as great as that of the potassimn chlo- 
rate — this amount being a little more than the equivalent 
weight of the iodide referred to the chlorate. The experi- 
ments involved amoimts of the chlorate ranging from 0.2 
grm. to 0.01 grm., and quantities of the iodide varying from 
eight and a half to fifty times those of the chlorate. The 
results with all essential details are contained in the following 
table: 

* See figure, p. 12. 
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The mean error of these determinations is a little less than 
0.0002 grm +, between extremes of 0.0005 grm. + or 0.0006 
grm. — , and the results are evidently excellent for an iodo- 
metric process in which titration is effected by decinormal 
solutions. An excess of iodide over an amount a little in 
excess of the equivalent proportion is without effect. The 
process is rapid and easy. 

The paper upon the determination of iodine, to which refer- 
ence has been made and upon which this process is based, pre- 
scribes corrections for the volatility of arsenious chloride and 
the slight deoxidation of arsenic acid when chlorides and 
bromides are also present in considerable amount. In this 
process, however, the amount of hydrochloric acid evolved 
from the maximum weight of chlorate treated — 0.2 grm. of 
the potassiimi salt — calls for a correction so small as to 
be insignificant. 



XI 

A METHOD FOR THE SEPARATION OF ANTIMONY 
FROM ARSENIC BY THE SIMULTANEOUS ACTION 
OF HYDROCHLORIC AND HYDRIODIC ACIDS. 

By F. a GOOCH jlnd E. W. BANNER* 

A METHOD for the separation of arsenic from antimony 
based upon tiie difference in volatility of the lower chlorides 
was introduced originally by Fischer, f This method of treat- 
ment consisted in the reduction of the chlorides by means 
of ferrous chloride and the volatilization of the arsenic by 
repeated distillations of the mixture with hydrochloric acid 
of 20 per cent strength added in successive portions. The 
process has been subsequentiy modified by Huf schmidt J by 
the substitution of gaseous hydrochloric acid, introduced in 
continuous current into the distilling mixture, for the aqueous 
acid, and later changed further and improved by Classen and 
Ludwig,§ who employ ferrous sulphate, or ammonio-ferrous 
sulphate, in place of the less easily prepared ferrous chloride. 
In its latest form the method is exceedingly exact, but the 
conditions are such that the antimony in the residue must be 
determined gravimetrically. It has been our endeavor to so 
arrange the process that the determination of the antimony 
may be made by a rapid volumetric method, and this we have 
attempted to accomplish by substituting for the iron salt, 
which utterly precludes the direct volumetric estimation of 
the antimony, another reducer — hydriodic acid — which can 
interfere in no way with the subsequent determination of the 
antimony by the well known iodometrio method. 

* From Am. Jour. ScL, zlii, 808. 

t Ann. Chem. (Liebig), 208, 182. | Ber. Dtsch. chem. Ges., jmi, 2246. 

S Ber. Dtsch. chem. Ges. zyiii, 1110. 
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dihydrogen potassium arseniate and a gram of potassium 
iodide were added in concentrated solution, the volume of 
liquid being made up to 100 cm^ by the addition of strong 
hydrochloric acid. A brisk current of hydrochloric acid gas 
was passed into the solution through the tube sealed into the 
glass stopper of the flask imtil complete saturation was 
effected, and then the liquid was heated and distilled in the 
continuous current of hydrochloric acid gas until the volume 
of 30 cm^ was reached. Iodine was evolved as soon as the 
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liquid became warm and the greater part of it passed into the 
distillate with the first 10 cm^. When the fijial concentration 
was reached the solution was in each case colorless, but on 
cooling there appeared in one of the two experiments of this 
set a pale yellow tint which vanished with the dilution in- 
volved in the transfer and washing from the flask previous to 
titration. The addition of starch to the cooled and diluted 
liquid developed no color. To the Uquid were added 1 grm. 
of tartaric acid, to keep the antimony in solution during sub- 
sequent treatment, sodium hydrate nearly to neutrality, and 
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hydrogen sodium carbonate in excess amonnting to about 20 
cm^ of the saturated solution ; and the antunonious oxide in 
solution was titrated by decinormal iodine standardized against 
tartar emetic The details of these experiments are given in 
Table L 

In Table 11 are comprised the accounts of experiments 
similar in general to those of Table I, excepting that the final 
volume after concentration was a little more, and the antimony 
was in every case oxidized in alkaline solution by standard 
iodine previous to the introduction of hydrochloric acid and 
distillation* 

Table III includes the records of experiments similar in 
every respect to those of Table 11 excepting that as starch 
showed a slight color in the cooled liquid after distillation, the 
solution was treated with an excess of sulphurous acid which 
WBS subsequently oxidized exactly by standard iodine previous 
to neutralization and the final titration. 

The same general phenomena were observed in all these 
experiments, and deficiencies in the amounts of antimony 
indicated, whether the element was present in the lower or 
higher degree of oxidation before distillation, appear in all, 
but most notably in the results of Tables I and II, These 
losses cannot be attributed, entirely at least, to mechanical 
transfer in the process, inasmuch as the greater losses are not 
associated with the greater concentrations ; and, furthermore, 
according to our qualitative experiments made under the con- 
ditions of these determinations, no antimony, so far as we 
could observe, passes into the distillate. If the coloration of 
the liquid on cooling were due to the liberation of iodine by 
the action of air upon the hydriodic acid the iodine thus set 
free might be counted upon to oxidize a corresponding portion 
of the antimony in the neutralization, and so to occasion a 
deficiency in the indications of titration. Against this sup- 
position, however, we have the evidence of experiment that 
the greatest losses are not found in those cases in which color 
was developed in the cooling liquid. Moreover, in all cases, 
excepting those of Table III, starch gave no test for free 
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iodine in the diluted liquid, though it must not be overlooked 
that the presence of a considerable amount of hydrochloric 
acid tends to impair the delicacy of the test. If, on the other 
hand, the color is not due altogether to free iodine it is diffi- 
cult to account for its development unless it is caused by the 
formation of antimonious iodide as the solution of strong hy- 
drochloric containing also hydriodic acid cools. On the whole, 
we are inclined to attribute at least a part of the apparent 
deficiency to the presence, at the time of neutralization, of a 
small amount of iodine chloride, which, in accordance with 
what is known of its modes of formation, might be formed by 
the oxidizing effect of the antimonic and arsenic oxides upon 
the mixed acids. At all events, it is evident that if iodine 
chloride were present we should expect to note the phenomena 
which we do see ; it would give, in small quantity, little or no 
color to the liquid, would not show the starch reaction for free 
iodine in the acid solution, and would be destroyed with the 
formation of hydrochloric and hydriodic acids by the addition 
of sulphurous acid to the still acid liquid, leaving the antimony 
unchanged and determinable iodometrically in alkaline solution 
after the exact oxidation of the excess of sulphurous acid by 
iodine in acid solution ; on the other hand it would act in alka- 
line solution like the free halogens and tend to diminish the 
antimony indicated by titration. Whatever the real cause or 
causes of the deficiency may be, it appears in the results of 
Table HI that the treatment with sulphurous acid affects the 
indications favorably. The mean error of three closely agree- 
ing determinations is 0.0006 grm. — and this is plainly within 
the limits of allowable variation in iodometric work with 
decinormal solutions. 

It appears, therefore, that hydriodic acid may be made to 
serve satisfactorily as a substitute for the ferrous chloride of 
Fischer's original method, or for the ferrous sulphate of the 
modification of Classen and Ludwig, the determination of the 
residual antimony being perfectly practicable. The method of 
proceeding which we advocate is briefly summarized in the 
following statement: To the solution of the oxides of arsenic 
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and antimony, taken in amounts not exoeeding 0.5 gnn. of 
each, potassium iodide is to be added in a little more than the 
equivalent quantity, and enough strong hydrochloric acid to 
raise the entire volume of tiie solution to 100 cm'. Hydro- 
chloric acid gas is passed into the liquid to saturation as well as 
during the distillation to follow, and the distillation is carried 
on until tiie volume of tiie liquid decreases to 50 cm^ or a 
little less. The liquid is cooled rapidly, treated first with an 
excess of sulphurous acid and then with iodine to the exact 
oxidation of the former reagent; and, after the addition of 
1 gnn. of tartaric acid to eveiy 0.2 gnn. of antimonious oxide, 
the add present is nearly neutralized with sodium hydrate, the 
neutralization being completed by hydrogen sodium carix)nate 
added in excess to an amount corresponding to 10 cm' of the 
saturated solution for eveiy 0.1 gim. of antimonious oxide 
present. Titration with decinormal iodine standardized against 
tartar emetic gives the antimony quickly and with a fair d^ree 
of accuracy. The whole process requires about an hour and a 
half for completion. 



XII 

THE DETECTION AND DETERMDfATION OF 
POTASSIUM SPECTROSCOPICALLY. 

By F. a, GOOCH jlvd T. S. HART.* 

BuNSEN and Kirchhoff originally determined the delicacy of 
the spectroscopic test for potassium by exploding in a dark- 
ened room a mixture of potassium chlorate with TnilTr sugar, 
and observing the amount of finely divided chloride which it 
was necessary to diffuse through tiie given space in order to 
bring out unmistakably the spectrmn of the metal. These 
investigators were able to state that the presence of no more 
than j^js of a milligram of the potassiiun salt is sufficient to 
give to the flame the characteristic spectrum of the element. 
By similar methods, the dehcacy of the tests for lithium car- 
bonate and sodiiun chlorate were shown to be a thousand times 
and three thousand times as delicate respectively. Practically, 
the detection of lithium and sodium spectroscopically is ex- 
tremely easy and satisfactory, the only difficulty being that the 
exceeding dehcacy of the sodium test, and the ubiquitousness 
of sodium salts often make a decision doubtful as to whether 
that element is present essentially in the substance under 
examination, or by accident. With potassium the case is differ- 
ent, and experience shows that, when the test is to be made for 
very small amounts of potassiiun, the simple method in vogue 
for developing the luminosity of lithium and sodium — the 
dipping of a single loop of platinum wire in the liquid or solid 
substance, and the placing of the loop in the Bunsen flame — 
fails, because, as it seems to us, so great a proportion of the 
material is dispersed before the heat of the flame effects the 
dissociation of the metal which precedes the production of the 
spectrum. 
• » From Am. Jour. Sci., xlii, 448. 
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We have endeavored to improve the conditions of exposure 
of the test-substance by making use of more powerful flames 
and by substituting for the single loop the hollow coils of 
platiniun wire first recommended, so far as has come to our 
knowledge, by Truchot* in the description of a method for 
the quantitative determination of lithium. Such coils are 
easily made by winding the wire somewhat obliquely about a 
rod of suitable size, pressing the coils close together, and 
gathering the free ends into a twisted handle. The size of 
the coils is adjustable without difficulty, so that each coil may 
be made to hold almost exactly any appropriate amoimt, and 
to take up this amount with very little variation in successive 
fillings, provided only that the precaution be taken in the pro- 
cess of filling to plunge the coil while hot into the liquid, and 
to keep its axis inclined obliquely to the surface of the liquid 
while withdrawing it. How closely the capacity of such coils 
may be adjusted and how uniformly they may be filled is 
shown in the figures of the accompanying record. 





I. 


IL 


in. 


IV. 


V. 


VL 




gnn. 


gtVCkt 


fpCVOi, 


grin. 


grm. 


grm. 


Weight of mied<5oil. . . . 


0.19% 


0.2780 


0.2794 


0.2844 


0.8672 


0.8296 


<( << 


0.1996 


0.2780 


0.2794 


0.2846 


0.3671 


0.3296 


It M 


0.1996 


0.2780 


0.2794 


0.2844 


0.3672 


0.8298 


t€ ii 


0.1996 


0.2780 


0.2794 


0.2846 


0.3671 


0.3298 


ti « 


0.1906 


0.2781 


0.2794 


0.2844 


0.3671 


0.8296 


" empty coil . . . 


0.1986 


02760 


0.2764 


0.2804 


0.8621 


0.3100 


" contents (mean) 


0.0010 


0.00202 


0.0030 


0.00404 


0.00604 


0.01968 



It is plain that we have in these coils simple means of taking 
up known amounts of material in solution; and by gentle 
heating the liquid may be evaporated and the solid material 
left thinly and uniformly spread, not easily detachable, and so 
in condition to be acted upon with effect when brought to the 
flame. The evaporation may be conducted with little danger 
of loss of material by holding the handle of the coil across the 
flame with the coil proper at a safe distance outside ; but we 
have generally, and preferably, used a hot radiator, over which 

• Compt. rend., Ixxyiii, 1022. 
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the coils are exposed, the handles resting upon a flat asbestos 
ring. The burner which we have used in heating the coils 
before the spectroscope is of the Muencke pattern and gives a 
powerful flame 3 cm. wide at its base. We have generally 
adjusted the flame to a height of 20 cm., and have introduced 
the coil, after thorough drying, just within the outer mantle, 
on the side next the spectroscope, with the axis transverse to 
the slit of the spectroscope and the handle across the body of 
the flame. In cleaning the coils we have found it convenient 
to heat them in the flame of an Argand burner of the Fletcher 
pattern, beneath which is burned, in a small lamp, alcohol con- 
taining about a twentieth of its volume of chloroform. The 
products of combustion of the alcohol and chloroform are con- 
veyed to the interior of the flame above by a glass funnel 
fitted by a cork to the tube of the Argand burner. This 
arrangement of apparatus gives a hot colorless flame through 
which hydrochloric acid is constantly diffused in condition to 
clean the wires completely and without attention. The spec- 
troscope which we have employed is a well-made single prism 
instrument provided with a scale, and a movable observing 
telescope so that different portions of the spectrum may be 
viewed or cut off at will. The slit is adjustable, but for meas- 
uring its width we have been obliged to have recourse to the 
device of closing it upon wires of known gauge. Our work 
has been done in the ordinary diffused light of the laboratory, 
care having been taken to cut off from the room direct sun- 
light only ; but in observing it has been our custom to shield 
the eye in use as completely as possible with the hand or with 
a dark handkerchief, and to cover the eye not in use. We 
have found it desirable to use the scale of the instrument, 
illimiinated to the lowest degree of visibility, to aid the eye in 
placing barely visible Unes. 

Upon experimenting with the apparatus described, it was 
found that the largest coil used was best adapted to our pur- 
pose, and, accordingly, in all the experiments made subse- 
quently, and recorded in the following account, coils holding 
iV of a gram of water, measuring 2 mm. in diameter by 1 cm. 
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Tohmie of Bcdmaooi ^viiBn liie sBt mas set A^ mm. inde. 
Tliax is to tsax^ ^ n^. of posaaanm to iht eool-fnll produces 
a Sue fisonc^ xioble ixiiii a sBt of <11S mnu and ti?i^ h^ 
wiiii a siHt of OlSS ^nnt^ and it is eridem liuct das prac^tacal 
mexiLod of prodnon^ ibe ^lectaiiim of pataaraxmi gires lesnlts 
cf a de&carr B^npraac^ni^ liiat Tni^if*»t«i in ^^ espeEamecobs of 

Tlieae d Biemm uaiaps were made miili pnre potassxan c^ilo* 
lade caicfnlhr pcepamd from "At fMonOiP., but in practical 
analrsasxt ahnoBt alwiB^ bifipens liuct sodhzm isalfio preaent. 
Expeximeaxts went tiierof ome made to desennine iiit infineaioe 
of variiug' amcmntB of tiie latter inxm i^ TisobOiXT cf llie 
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to this solution were added weighed amounts of pure sodium 
chloride twice reprecipitated and washed by hydrochloric acid ; 
and the spectroscopic tests were carried out as before, the 
sodiimi line being kept within the field of view with the 
potassium Une. 

It is obvious from these results that a considerable amount 
of sodium may be present in the flame, when the sodium line 
is in fuU view in the spectrum, and the slit adjusted to nearly 
the lowest limit of visibihty of pure potassium, without inter- 
fering with the appearance of the potassium line, but that a 
quantity of sodium amounting to a himdred times that of the 
potassimn is sufficient to entirely overpower the spectrum of 
the potassium. The inference is plain that the proportion of 
sodium to potassium should not be permitted to reach 100 : 1 
when it is desirable to bring out the full delicacy of the spec- 
troscopic test with the sodium line in the field of view. 
When too great a proportion of sodimn is present, its influ- 
ence may be moderated by throwing the sodium line out of 
view, if the instrument in use possesses the necessary adjust- 
ment ; otherwise, it is easy to effect a partial separation of the 
sodiimi chloride from the potassium chloride, before bringing 
the solution to the test, by precipitating with alcohol. Our 
experience shows that the delicacy of the test for potassimn 
is not impaired materially by such treatment of the mixed 
chlorides. We found, for example, that 0.0070 grm. of potas- 
simn chloride mixed with 0.6 grm. of pure sodimn chloride, 
dissolved in the least amount of water, and extracted carefully 
by about 7 cm^ of absolute alcohol applied in successive por- 
tions, was so completely retained in solution and separated 
from sodium, that a coil-full taken from the solution diluted 
to 140 cm^ gave the spectroscopic test for potassium distinctly 
with the slit at 0.23 mm. In this case, at least, the treatment 
did not diminish the delicacy of the test; for, a coil-full of 
the diluted solution could not have contained more than ^^-^ 
mg. of potassium, if nothing had been lost. It was found, in 
like manner, that, by taking pains to evaporate the alcoholic 
extract, and to dissolve the residue in a drop of water, 0.0001 
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grm. of potassium originally present as the chloride with 0.5 
gnn. of sodium chloride, was easily found. By turning the 
observing telescope so as to cut off as completely as possible 
the sodium light we were able to detect potassium in four suc- 
cessive tests of a drop of the final solution which was just 
large enough to fill the coil four times, when the original 
amount of potassium present with 0.5 grm. of sodium chloride 
was 0.00001 grm. This is equivalent to detecting ^J^ mg. of 
potassium in a drop large enough to fill the coil once. We 
were assured of the entire absence of potassium from the 
sodium chloride which we used by the fact that the similar 
extraction of 1 grm. of the salt by alcohol left a residue which 
yielded no line of potassium when examined spectroscopically. 
It is perhaps worth noting in passing that the coil may be 
made to pick up a drop of a size only suflScient to fill it by 
simply touching the coil while hissing hot to the drop. 

Certain experiments in which the method of manipulation 
which we have described was applied to the determination of 
potassium salts other than the chloride indicated that the test 
is less delicate in the case of the sulphate, and rather more 
delicate in the case of the carbonate. We were able to find 
the red line of potassium unmistakably, when only y^j^rr of a 
milligram of potassium was introduced into the flame in the 
form of the carbonate. 

The quantitative determination of potassium by the spectro- 
scope has never, so far as we know, been accomplished hereto- 
fore. Sodium appears to have been successfully estimated by 
Champion, Pellet, and Grenier* by the use of comparison 
flames, produced by the aid of complex mechanism, and a spec- 
trophotometer of original construction. Lithium has been 
determined more simply, Truchot f having been the first to 
suggest a method of manipulation which was modified by 
Ballmann J and taken up later by Bell § apparently without 
knowledge of the previous work on the same line. Truchot's 
method consists in comparing the duration and strength of the 

* Compt. rend., Ixxvi, 707. t Compt. rend., Ixxviii, 1022. 

t Zeitschr. anal. Chem., xiv, 297. $ ^^^» Chem. Jour., vii. d6. 



98 THE DETECTION AND DETERMINATION 

spectral lines developed by exposure to the Bunsen flame of 
portions taken up in a platinum loop from the test-solution 
and standard solutions of different strengths. No analytical 
proofs of the value of the method were given and accuracy 
was not claimed beyond the recognition of differences of from 
three to four milligrams in a liter of liquid when amounts not 
exceeding forty milligrams per liter were compared. Ballmann 
discards as valueless the observation of the duration of the 
spectral line, advocates the dilution of the test and standard 
solutions to the absolute extinction of the line and employs 
hollow cones, measuring 2.5 mm. by 8.5 mm., to carry the 
liquids to the flame. Bell follows Ballmann's method of diluting 
the solutions to be compared to a common condition, but 
takes the vanishing point of the line instead of the point of 
absolute invisibility and makes his loops of platinum very 
small. Both Ballmann and Bell were able to estimate thallium 
similarly, but neither determined potassium. Bell declaring 
specifically that the method is inapplicable to the handling 
of that element. 

Our success in determining potassium qualitatively by the 
use of powerful flames and coils of large dimensions was such 
as to encourage the attempt to apply quantitatively the same 
method of manipulating ; and from certain preliminary experi- 
ments looking in this direction we found it best, for our pur- 
pose at least, to fall back upon Truchot's method of comparing 
visible lines, rather than to try to fix the vanishing point or 
the point of extinction of the spectral line. We chose a dilu- 
tion of the standard solution which corresponds to the presence 
of -shjs nig. of potassium to the coil-full, and set the slit at a 
width of 0.28 mm., having found it most advantageous to work 
with lines for comparison bright enough to be visible without 
much effort. Our mode of proceeding is to dilute the test- 
solution imtil the line given by the potassium contained in a 
coil-full is of the same brightness as that given by the same 
quantiiy of the standard solution. From the final volume of 
the testHSolution the quantity of potassium present in it is 
directly calculable; for, since any given volume of the test- 
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solution at its final dilution contains exactly the same amount 
of potassium as the same volume of the standard solution, we 
have only to multiply the number expressing the volimie in 
cubic centimeters of the test-solution by the weight in grams 
of the potassiimi contained in one cubic centimeter of the 
standard in order to obtain the weight in grams of potassium 
in the whole test-solution. We foxmd it convenient to use 
several coils adjusted to the same capacity, and to clean, fill, 
dry, and ignite them before the spectroscope in the manner 
previously described. From time to time the capacity of the 
coils should be readjusted, or else the final comparison tests 
should be made with a single coil. It is essential that the eye 
of the observer should be kept as nearly as possible in the same 
condition of sensitiveness and in the same position in making 
the comparisons, and to accomplish this end we found it best to 
hold the eye at the observing telescope during the entire inter- 
val between the exposures, to shade it carefully by the hand, 
or otherwise, to cover the eye not in use, to cut off all direct 
sunlight from the work-table (though the diffused light of the 
room is not objectionable), and to light the comparison scale of 
the spectroscope to the faintest possible visibility in order to 
fix exactly the position in which the line is to be sought. It 
is important, too, that the trials of the test and standard 
should come as closely together as possible in point of time. 
The observations of a series should be made by the same indi- 
vidual, the preparation and exposure of the wires being made 
by another. It is not possible to attain the best results in such 
work single-handed. The dilution of the test-solution is made 
conveniently, and with sufficient accuracy, in 100 cm* cylinders 
graduated to half cubic centimeters, the mixture being made 
thorough by passing the solution from vessel to vessel. It is 
often advantageous to divide a liquid which is to be diluted 
and to work with aliquot portions, so that it may be possible to 
retrace a step without trouble in case a portion of the solution 
has been unwittingly diluted too much ; such a mode of pro- 
ceeding is, of course, necessary when the final dilution must 
exceed 100 cm^ unless large graduates are called into use. 
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Excepting the cases of veiy concentrated solutions, no signifi- 
cant loss of material is occasioned by the filling of the coils, 
the error thus introduced being trivial in comparison with that 
inherent in all photometric processes. The following is the 
record of our experience in the comparison of solutions of 
pure potassium chloride, the strength of the test^olution being 
unknown to the observer. 



EXPERIMENT L 



EXPERIMENT EL 



Volume of 
test-BolntioiL 


ChancteriBtic of 
with Btandard. 


Volume of 
test^olation. 


ChuMterUtlo of 
lizieoompued 
withsUndaid. 


cm' 
20 
50 
100 
110 
120 
150 
200 
160 
150 


Stronger. 
Stronger. 
Stronger. 
Stronger. 
Stronger. 

Like. 
Weaker. 
Weaker. 

Like. 


cm' 
80 
60 
82 
70 
76 
78 
80 


Stronger. 
Stronger. 
Weaker. 
Stronger. 
Stronger. 
Stronger. 
Like. 


(150 X 0.0001 = 0.0150) 


(80 X 0.0001 = 0.0080) 


Potassium found . . . 
taken . . . 

Limits on either side 

Error 


gnn. 
0.0150 
0.0150 
0.0120 
0.0160 
0.0000 


Potassium found . . . 
taken . . . 

Limits on either side j 

Error 


0.0080 
0.0080 
0.0078 
0.0082 
0.0000 



These results show a degree of accuracy in the process 
quite unexpected. In the former no attempt was made to 
approximate as closely as possible to the limits of dilution on 
both sides of the condition of equal brightness in test and 
standard, but in the latter great care was taken in this respect 
and the possible error cannot exceed two and a half per cent 
of the entire amount of potassium involved. 

Experiment III was made to discover the effect of the 
presence of a reasonable amoxmt of sodium chloride upon the 
determination of the potassium. To a portion of the solution 
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of pure potassium chloride containing 0.01 gnn. of the element 
was added 0.1 grm. of sodium chloride taken from the salt 
piuified as previously described. This solution was diluted 
and the comparison made with the standard according to the 
accompanying account. 



EXPERIMENT IIL 



Volume of the 
tesb^olntion. 


Characteristio of line 
compared with standard. 


25 
60 
80 
90 
96 
105 
120 


Stronger. 
Stronger. 
Stronger. 
Stronger. 
Stronger. 
Stronger. 
Like. 


(120 X 0.000] 

Potassium found . . . 

taken . . . 

Error »..,».. 


L = 0.0120) 

gr. 

0.0120 

0.0100 

0020 





The result of this experiment was most surprising ; for, in- 
stead of diminishing the delicacy of the test we find that the 
presence of a moderate amoxmt of sodium chloride tends to 
increase the brilliance of the potassium line. The sodium 
chloride employed was a part of that prepared and tested as 
previously described and used in the experiments upon the 
qualitative determination of potassium. By no possibility 
could the 0.1 grm. of it taken in the experiment have con- 
tained more than 0.000001 grm. of potassium. It is evident, 
therefore, that the brilliance of the potassium line gained 
twenty per cent in strength by the influence of sodium 
chloride amoxmting to ten times the weight of the potassium 
present when the effect due to impurity of the salt could by 
no means exceed a hundredth of one per cent ; that is to say, 
the observed effect is, at the very least two thousand times 
greater than that which might have been conceivably pro- 
duced by contamination of the sodium salt. 



102 



THE DETECTION AND DETERMINATION 



In the following experiment the effect of varying amounts 
of sodium chloride upon the spectrum of the potassium is 
shown. The sodium line was turned out of the field of view 
to obviate the dazzling effect of the sodium light, and a solu- 
tion of potassiiun chloride containing 0.01 grm. of the element 
in 100 cm^ was examined spectroscopically after the addition 
of successively increasing amounts of sodium chloride, the 
strength of the line observed being brought into comparison 
with that produced by similar portions of the potassium solu- 
tion containing no sodium. 



Bodinm chloride 
in a coil-f ulL 


inaooU-fulL 


Ratio of 
NaCl;K. 


Width 
of slit. 


compared with staiidatd 
cootalniiig no NaCL 


mg. 
0.002 
0.010 
0.020 
0.040 
0.200 
0.400 
0.600 


mg. 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 


1 

5 

10 

20 

100 

200 

800 




0.18 
0.18 
0.18 
0.23 
0.28 
0.28 
0.23 


Like. 
Like. 
A little stronger. 
Much stronger. 
Very much stronger. 
Much stronger. 
Much stronger. 



From this it appears that the maximum strengthening effect 
occurs when the sodium chloride stands to the potassium in 
the ratio of 100 : 1. The apparent diminution of brilliance 
when the sodium is increased beyond that proportion is doubt- 
less due to the effect of the strong light diffused through the 
field of view by the intensely bright sodium flame in spite of 
the fact that the line itself is cut off from direct vision. 

The cause of the brightening effect of the sodium chloride 
we are inclined to attribute to the chemical action of the 
sodium dissociated in the flame. The effect of ammonium 
chloride, and of hydrochloric acid, in destroying the potassium 
light is well known, and is due, presumably, in very lai^e 
degree to the prevention of the dissociation of the potassium 
chloride. The dissociated sodium shoulcl naturally by its 
mass-action reinforce the disintegrating action of the heat 
upon the molecule of potassium chloride. 
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It is plain that the complication introduced into the quanti- 
tative spectroscopic determination of potassiimi by the pres- 
ence of the sodium salt in the test can be obviated if it can be 
brought about that both the test and the standard solution 
shall contain the same amount of that reagent. It is a matter 
of interest, therefore, to discover whether it is possible to 
match sodium lines of considerable intensity so closely that 
the quantities of that element in solutions brought into com- 
parison shall be practically equal, and so may be relied upon 
to give the same strengthening effect to the potassium spec- 
trum. The following statement is the record of an attempt 
in this direction. The narrower slit was found to be best 
adapted to the comparison of the sodiiun lines. 



NaCl in a ooil- 

faUof new 

■olntioa. 


NaCl in a ooil- 

fuUof 

lUndard. 


Width of 
aUt. 


ChanMsteristio of 

line aa compared 

with that of 

■tandaid. 


mg. 
0.010 
0.017 
0.019 
0.020 


mg. 
0.02 
0.02 
0.02 
0.02 


mm. 
0.18 
0.18 
0.18 
0.18 


Weaker. 

Weaker. 

Weaker. 

Like. 



The result shows the possibility of matching the sodium 
lines with a degree of approximation sufficient for the purpose 
in view ; and, accordingly, a new standard solution was made 
containing 0.01 gmu of potassium taken in the form of the 
chloride and 0.1 grm. of sodium chloride in 100 cm^ and with 
this new standard the following determinations were made. 
The experiment was performed in three stages : first, the test- 
solution was diluted xmtil its potassium line matched approxi- 
mately with that of the standard; secondly sodium chloride 
was added to the solution thus diluted xmtil the sodium lines 
were brought to equality; and finally, the test-solution and 
the standard were again brought into comparison. 
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EXPERIMENT IV. 



Past L 



Pabt n. 



Past m. 




5«»f 



II 




cm* 
80 
70 

100 



0.28 
0.23 
0.23 



Stronger. 
Stronger. 
Weaker. 



gnu. 

0.01* 

0.03 

0.05 

0.08 

0.09 

0.10 



0.18 
0.18 
0.18 
0.18 
0.18 
018 



Weaker. 
Weaker. 
Weaker. 
Weaker. 
Weaker. 
Like. 



cm* 
108 
108 

109 



0.28 
0.23 

0.28 



Weaker. 

Stronger. 
C Weaker. 
< Stronger. 
(Like. 



The te8^8oIution having been accidentallj over-diluted, its strength was 
increased bj the addition of 0.0010 grm. of potassium and this amount was 
added in the computation below to that originally in the test-solution. 
(109 X 0.0001 = 0.0109) 
Potassium found . . . 0.0109 grm. 

** taken . . . 0.0110 " 
Error 0.0001 " =0.9 per cent 

EXPERIMENT V. 



Past I. 



cm* 

40 

100 

160 



11' 



0.28 
0.28 
0.23 



iliil 



Stronger. 
Stronsrer. 
Weaker. 



Pabt II. 



grm. 
0.026* 
0.060 
0.085 
0.100 
0.110 



ti 



0.18 
0.18 
0.18 
0.18 
0.18 



Weaker. 
Weaker. 
Weaker. 
Weaker. 
Like. 



Pabt m. 



cm* 
160 
180 
190 
200 
206 
210 






0.23 
0.28 
0.28 
0.23 
0.23 
0.28 




Stronger. 

Stronger. 

Stronger. 

Stronger. 

Weaker. 

Weaker. 



/206 X 0.0001 = 0.0206 ) ^ ^^02026) 

V200 X 0.0001 = 0.0200 ) ^'^^^^^) 

Potassium found ..... 0.02026 grm. 

taken 0.02000 " 

Error 0.00026 '♦ =1.26 per cent 

* Originally present. 
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EXFEBUCENT VL 



PabtL 



40 

80 

100 

110 






0.23 
0.28 
0.23 
0.23 




Stronger. 

Stronger. 

Stronger. 

Like. 



Past IL 



111 



grm. 
0.045» 
0.082 



p 



0.18 
0.18 



Weaker. 
Like. 



Pakt nL 



li 



110 
120 
130 



1^ 



0.28 
0.23 
0.28 




Stronger. 

Stronger. 

Like. 



(130 X 0.0001 = 0.0130) 
Potassium found .... 0.0180 grm. 

" Uken .... 0.0140 " 
Error 0.0010 " =7 per cent 

EXPERIMENT VII. 



PabtL 



^1 



cm* 
80 
00 

100 



0.28 
0.23 

0.23 






Stronger. 

Stronger. 
( Weaker. 
tLike. 



pabt n. 






grm. 
0.05* 
0.07 
0.09 

0.10 






0.18 
0.80 
0.18 

0.18 




Weaker. 

Weaker. 

Weaker. 
( Like. 
< Stronger. 
( Stronger. 



Part m. 



^1 
§1 




First 



cm* 
100 
120 
130 

140 



0.28 
0.23 
0.23 

0.23 



Stronger. 

Stronger. 

Stronger, 
j Stronger. 
1 Weaker. 



Second. 



cm* 
120 
140 


mm. 
0.23 
028 


160 


023 


160 


0.28 



Stronger. 

Stronger. 
( Stronger. 
\ Weaker. 

Weaker. 



First. Second. 

(140 X 0.0001 = 0.0140) (150 X 0.0001 = 0.0160) 

Potassium found . 0.0140 grm. 0.0160 

taken *. 0.0160 " 0.0150 

Error 0.0010 " =7 per cent 0.0000 

* Originally present. 
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From these insults it is plain that the sodium in test and 
standard may be matched closely enough to allow a fair ap- 
proximation to be made in the determination of the potassium. 
In Experiments IV, V and VI, no readjustment of the per- 
center of sodium in the final dilution, subsequent to the 
matching of the sodiiun lines, was attempted ; in Experiment 
VII this point was looked to, so that in this determination the 
strength of the sodium was kept equal to that foxmd in the 
matching process. In Experiments IV and VII, the matching 
of the sodium in the test-solution against that in the standard 
proved to have been exact; in V, an excess of 10 per cent 
was added, and in VI, the point of equality was thought to 
have been reached while there was still a deficiency of 25 per 
cent in the sodium chloride of the test-solution. 

The error in the determination of the potassium in Experi- 
ment VI may, perhaps, be accounted for by the mistake in 
matching the sodium ; that of the first attempt in Experiment 
VII, we are disposed to attribute to lack of care in keeping 
the eye of the observer in the most sensitive condition, and of 
attention to the point of bringing the wires to the plane 
in quick succession. The largest absolute error met with 
amoxmted to one milligram in a total of fifteen. Though not 
accurate to the last degree when large amoxmts of potassium are 
to be estimated, the method, we think, offers some advantage 
without too great sacrifice of exactness in the determination 
of small amoxmts. In qualitative work the mode of manipulat- 
ing described is exceedingly satisfactory. Aside from the 
practical application of the method the point which has been 
of greatest interest to us is the development of the fact that 
the presence of sodium salts in the flame is of direct influence 
in strengthening the spectrum of potassium. 
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A METHOD FOR THE QUANTITATIVE SEPARA- 
TION OF STRONTIUM FROM CALCIUM BY 
THE ACTION OF AMYL ALCOHOL ON THE 
NITRATES. 

bt p. e. browning.* 

FoLLOWiNQ the general procedure laid down in the Gooch 
process for the separation of sodium and potassium from 
lithium by the action of amyl alcohol on the chlorides, I 
undertook a series of experiments looking toward the separa- 
tion of strontium from calcium by the action of amyl alcohol 
on the nitrates. On boiling several portions of the so-called 
chemically pure calcium and strontium nitrates with amyl 
alcohol, nearly complete solubility was observed in case of 
the calcium salt, while corresponding insolubility seemed 
to be characteristic of the strontium salt, and these results 
seemed to warrant proceeding with the work. 

For the quantitative tests to be described standard solu- 
tions of specially purified strontium and calciiun nitrates 
were prepared. In general the preparation was effected by 
precipitating a soluble salt of either element with ammonium 
carbonate in the presence of ammonium chloride, washing 
thoroughly with boiling water, dissolving in the least pos- 
sible amount of nitric acid, and making up to measure. In 
the earlier experiments other methods of purification were 
used, such as the precipitation of the strontium nitrate by 
alcohol, and in case of the calcium salt the preparation of 
the nitrate from the carbonate precipitated by ammonium 
carbonate from a solution of calcium sulphate. The method 
first described, however, gave satisfactory results, the spec- 

* From Am. Jour. ScL, zlill, 60. 
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troscope failing to show in the product thus obtained any 
trace of intermixture of calcium and strontiimi salts, or the 
presence of any other appreciable impurity. In the determi- 
nation of the standards of these solutions definite amounts 
were drawn off from burettes into counterpoised beakers or 
crucibles (according as the method of determination was by 
precipitation or evaporation) and weighed as a check on the 
burette reading. The strontium nitrate in each portion was 
converted into the sulphate either by precipitation in the 
presence of alcohol, or by evaporating and igniting, these 
methods yielding results closely agreeing. The calcium was 
determined by evaporation with sulphuric acid. The first 
series of experiments was directed toward an investigation 
of the action of amyl alcohol upon strontium nitrate alone. 
Accordingly several amounts of the strontium salt were meas- 
ured from a burette into counterpoised Bohemian beakers of 
about 100 cm^ capacity, and weighed. The water was then 
evaporated over a water bath, and the dry salts dissolved in 
a few drops of water and boiled with 80 cm® of amyl alcohol, 
that amount being determined upon for convenience. Care 
should be taken not to add more than the necessary amount 
of water to dissolve the salt, inasmuch as the presence of 
much water delays the process (it being necessary to expel 
all the water before the amyl alcohol can do its work) and 
tends to cause spattering due to the superheating of the 
water and consequent sudden generation of steam xmder the 
alcohol. It has been my experience that in the presence of 
a few drops of water the boiling goes on quietly, the water 
escaping easily through the amyl alcohol, so that in the 
course of a few minutes the alcohol reaches its normal boiling 
temperature (128°-180°C.). In order that the inflammable 
fumes of the alcohol might not reach the flame during the 
boiling the beaker was placed upon a piece of asbestos board 
about 15 cm. square. When the temperature of the alcohol 
reached its normal boiling point (128°-130° C), as shown by 
a thermometer, the beaker was removed and the strontium 
nitrate filtered off upon an asbestos felt in a perforated plati- 
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nnm crucible, the crucible and felt having been previously 
dried and weighed. 

The filtration was carried on under gentle pressure, the 
filtrate being received in a beaker standing under a bell jar 
upon a ground glass plate. The last traces of strontium 
nitrate were removed from the beaker by washing with small 
amounts of previously boiled amyl alcohol contained in a 
wash-bottle, the mouthpiece of which consisted of a small 
chloride of calcium tube passing through the stopper and 
drawn out and plugged at the lower end with cotton to ex- 
clude particles of the calcium salt from the alcohol. By this 
device the introduction of moisture into the amyl alcohol 
was guarded against. The crucible containing the strontium 
nitrate was placed in an air bath and heated to 150° C. to 
drive off all amyl alcohol, and weighed. A constant weight 
was obtained uniformly in one treatment. Series I contains 
the results of these experiments, the strontium being calcu- 
lated as oxide. 

SERIES L 



Exp. 


8rO taken. 


SrOfoond. 


LOM. 


J2! 
(3) 

(4) 


grm. 
0.1229 
0.1231 
0.1230 
0.1227 


grm. 
0.1220 
0.1221 
0.1219 
0.1213 


grm. 
0.0009 
0.0010 
0.0011 
0.0014 



These results suggested a possible solubility of the stron- 
tium salt, and, accordingly, experiments were made to test 
this point. Amounts of strontium nitrate closely agreeing 
with those above were taken and treated in the same manner. 
The filtrates amounting, without the washings, to about 
25 cm® were evaporated to dryness. The residue was ignited 
to bum off organic matter from the amyl alcohol, treated 
with sulphuric acid, heated to low redness, and weighed. In 
two cases the residue of strontium sulphate was found to con- 
tain of the oxide respectively 0.0009 grm. and 0.0010 grm. 
As will be seen, the solubility of the strontium nitrate aver- 
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ages about 0.0010 grm. of the oxide to 30 cm* of amyl 
alcohol used. The exact extent of this solubility depends, 
of course, upon the amount of amyl alcohol remaining after 
boiling ; and, since the source of heat is removed as soon as 
the normal boiling temperature of the alcohol is reached, 
very little decrease in the volume of the previously boiled 
alcohol results. On measuring the amounts of the alcohol 
remaining in several experiments I found them to approxi- 
mate closely to 25 cm*. It seemed justifiable, therefore, to 
add as a correction to the apparent amount of strontium 
oxide found 0.0010 grm. for every 25 cm* of amyl alcohol 
remaining, or for every 80 cm* originally taken. Experi- 
ments were also made to determine whether the strontium 
nitrate might have been at all broken down in the process of 
boiling and heating so that some strontium might be present 
in the final residue in the form of oxide or nitrite. In two 
of these experiments portions of strontium nitrate left by the 
treatment with amyl alcohol were dissolved, precipitated as 
the sulphate and weighed as such, and the results of these 
experiments (5) and (6) go to show that the composition 
of the strontium nitrate is not appreciably changed in the 
process of separation and drying. In certain other experi- 
ments directed to the same end, the residues of the process 
of separation were, after weighing and drying, treated with a 
drop of nitric acid, and again dried at 150° C. and weighed. 
These tests (7) and (8) confirm the indications of the pre- 
vious experiments. Finally a third experiment was made 
upon strontium nitrate dried at 150° C. to see what decom- 
position might result by heating to temperatures somewhat 
higher than 150° C. — the temperature at which the residues 
of the previous experiments had been dried. The result 
shows that the loss in the twenty-five degrees above 150° C. 
is exceedingly slight. 

^ f Sr(NOa)a calculated as SrO 0.1219 grm. 

(K\ J '^^^ s&iiie dissolved and precipitated as SrS04 

^ M calculated as SrO 0.1219 grm. 
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I Sr(NO,), calculated as SrO 0.1213 grm, 

(^ I "^^^ ®^"°® dissolved and precipitated as SrS04 

^^^ ( calculated as SrO 0.1214 grm. 

I Sr(NO,), calculated as SrO 0.1228 grm. 
The same dried at 150"" C. after adding a 

dropofHNOa 0.1228 grm. 

ISr(KOa)i calculated as SrO 0.1239 grm. 
The same dried at 160^ C. after adding a 

dropofHNOa 0.1239 grm. 

I Weight of Sr(NO,), dried at 160° C. . . . 0.2482 grm. 

Weight of the same portion dried at 165° C. 0.2480 grm. 

Weight of the same portion dried at 176° C. 0.2478 grm. 



When calcium nitrate was treated in a similar manner by 
boiling with amyl alcohol the mass of the salt dissolved, but 
minute portions separated out on the bottom or sides of the 
beaker. Such residues were, however, very small and on 
weighing were found not to exceed 0.0008 grm. or 0.0004 
grm. of the oxide. In several instances this insoluble resi- 
due was washed thoroughly with ethyl alcohol, dissolved in 
water, tested before the spectroscope and found to give the 
characteristic calcium spectrum. All experience pointed to 
the fact that the formation of the residue was due to some 
very slight change of composition of the calcium nitrate. 
On one or two occasions the acidified solution of the residue 
appeared to reduce a drop of an extremely dilute solution of 
potassium permanganate, and this action suggested the pres- 
ence of a nitrite. Treatment of this residue with nitric acid 
and subsequent evaporation of the excess of acid failed, how- 
ever, to leave the calcium salt in a condition to be dissolved 
by amyl alcohol. 

It is possible, therefore, that the real cause of insolubility 
is to be sought in the oxidation of the amyl alcohol and con- 
sequent formation of an organic acid, and, subsequently, of 
the corresponding calcium salt, but the amounts of the resi- 
due were so extremely small that it was not practicable to 
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solve this question, at once, exactly and satisfactorily with- 
out directing attention too far from the main issue. More- 
over, the error introduced by this peculiar behavior of the 
calcium salt proved to be insignificant in its effects upon the 
quantitative determination of the calcium, and accordingly, 
it was disregarded in the subsequent tests. 

The next experiments were directed toward a separation of 
strontium and calcium nitrates. Definite amounts of a solu- 
tion of strontium nitrate were measured from burettes into 
counterpoised beakers and weighed, as already described, the 
calcium nitrate was then added in solution, and the weight 
taken again. The water was evaporated and the dry salts 
dissolved again in the least possible amount of water, and 
boiled with amyl alcohol (80 cm^) as before. The strontium 
salt was filtered off into a perforated platinum crucible con- 
taining an asbestos felt, dried and weighed as previously 
described. The calcium was determined in the form of the 
sulphate, by evaporation of the alcohol, treatment with an 
excess of sulphuric acid, and ignition. 

Correction was made for the solubility of the strontium 
nitrate, and its consequent presence with the calcium, by 
calculating the amount dissolved in the portion of amyl 
alcohol employed to the condition of sulphate and subtract- 
ing that quantity from the apparent amount of calcium sul- 
phate found. The results of this mode of proceeding are 
recorded in experiments (10) and (11). 



Exp. 


8rO 


8rO found 
(corrected). 


Error. 


OaO 


CaO found 
(corrected). 


Error. 


(10) 

(11) 


grm. 
0.0911 
0.0915 


grm. 
0.0932 
0.0945 


0.0021+ 
0.0030+ 


grm. 
0.0932 
0.0938 


grm. 
0.0907 
0.0899 


0.0025- 
0.0084- 



After making the correction in the manner specified it is 
evident that the amount of strontium indicated is greater 
than that originally taken. It is apparent, therefore, that 
the strontium nitrate must have been contaminated, probably 
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mechanically, by the calcium salt, as the calcium salt is 
found to be coirespondingly deficient in amount. It was 
thought best, therefore, to have recourse to a double treat- 
ment with the alcohol. Accordingly after the first boiling 
already described the alcohol carrying the greater part of the 
calcium in solution was decanted upon an asbestos felt under 
the conditions previously described and collected in a beaker 
placed to receive it. The residue was then dried at a gentle 
heat over a radiator to remove amyl alcohol, dissolved in a 
few drops of water, treated with a drop of nitric acid to 
assure the condition of nitrate, and evaporated to dryness. 
After dissolving in a few drops of water 30 cm® of the 
alcohol were added, and the boiling repeated. The residue 
was filtered off upon the same felt through which the first 
portion had been decanted, and washed with amyl alcohol, 
care being taken to remove all particles of the residue from 
the beaker by careful rubbing. The crucible and residue 
were heated in an air bath at 150° C. as before, and then 
weighed. The filtrate from the two treatments and the 
washings were treated differently in two series of experi- 
ments. In Series II, the filtrate was precipitated with sul- 
phuric acid, ethyl alcohol being added to secure thorough 
mixture. The precipitated sulphate was filtered off upon 
asbestos, heated to low redness and weighed. In Series III, 
the alcoholic filtrate was evaporated to a small volume, trans- 
ferred to a weighed platinum crucible and evaporated. The 
residue was ignited to bum off organic matter, treated with 
sulphuric acid and again ignited at low redness and weighed. 



SERIES n. 



Kxp. 


BrO 
taken. 


8rOf<nmd 
(corrected). 


Error. 


CaO 

taken. 


CaO found 
(corrected). 


Error. 


iHI 
!!Si 

(16) 


{^rm. 
0.1236 
0.1287 
0.1239 
0.1974 
0.1979 


grm. 
0.1289 
0.1228 
0.1239 
0.1972 
0.1978 


grm. 
.0004+ 
.000^ 
.0000 
.0002- 
.0001- 


grm. 
0.1290 
0.1246 
0.1248 
0.0502 
0.0496 


grm. 
0.1271 
0.1226 
0.1223 
0.0492 
0.0482 


grm. 
0.0019- 
0.0020- 
0.0025- 
0.0010- 
0.0014- 
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SERIES m. 



{^^ 

19) 

I20J 

{21) 
(22) 
(28) 

(24) 
(25) 

m) 

(27} 


SrO 


BrO found 


Knor. 


CiO 


CaO iDimd 


Snot. 


grm. 
0.0148 

o.oisa 

0.0364 
0.0366 
0.0498 
0.O497 
O.Oi97 
0.0729 
0.0730 
0.0744 
0.0912 


grai, 
0.0165 
0.0183 
0.0360 
0.0365 
0.0494 
0.0497 1 
0.0603 
0.07S2 
0,0732 
0,0744 
0.0010 


grm. 
0.0007+ 
0.0000 
0.000^ 
0-0000 
0.0001 + 
0.0000 
0.0006+ 
0.0003+ 
0.0002+ 

, 0.0000 
0,0002- 


son. 
0.0256 
0.103O 
0.0516 
0.0615 
0.0515 
0.0619 
0.0349 
0.0257 
0.0265 
0.0268 
0.1286 


grm. 
0.0254 
0.1015 
0.0511 
0.0613 
0.0602 
0.0611 
0.0246 
0.0261 
0.0266 
0.0260 
0.1276 ; 


grm. 
0.0002^ 
0.0015^ 
0.0002- 
0.0002- 
0.0013- 
0.00(m- 
0.0004- 
0.0006- 
0.0000 
0.0002+ 
0.0010- 



The average error in the determination of strontium in 
both series is less than 0.0001 grm. + on the oxide; that 
of the calcium amounts to 0.0017 grm. — on the oxide in 
Series 11, and to 0.0005 grm. — in Series III. 

In both processes the correction for the solubility of stron- 
tium nitrate in amjl alcohol, determined as previously de- 
scribed, was applied — 0.0020 grm. being added to the weight 
of the strontium oxide found after the double treatment with 
amyl alcohol, and 0.0035 grm. being deducted from the 
apparent weight of the calcium sulphate found before calcu- 
lating it to the form of the oxide. The latter of the two 
processes, which are identical so far as handling of the stron- 
tium is concerned, yields the better results in the determina- 
tion of the calcium, doubtless because a trifling amount of 
calcium sulphate remains in solution in the final filtrate in 
the former process, while in the latter every trace should 
be recovered. The deposition of minute traces of calcium in 
the precipitation of the strontium nitrate, to which reference 
has been previously made, is evidently a matter of no signifi- 
cance in comparison with the ordinary errors of manipulation. 

More recent work * has demonstrated the possibility of 
using very much smaller amounts of amyl alcohol in the 
boiling than the amounts formerly used (30 cm' for each 

* Am. Jour. Sci., xliv, 402. 
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treatment). By the use of smaller beakers (50 cm^ capacity) 
10 cm^ of the alcohol can be conveniently substituted for 
30 cm', and the correction for solubility of the strontium 
nitrate is thus reduced from 0.001 grm. on the oxide to 
0.0003 grm. in each treatment, and the corresponding amount 
of sulphate to be substracted from the calcium sulphate 
before calculating to the condition of oxide is reduced from 
0.0017 grm. to 0.0005 grm. in each treatment The neces- 
sity of a double treatment, or the use of two portions of 
10 cm' each of the alcohol, brings the total correction to 
0.0006 grm. on the strontium oxide, and 0.0010 on the cal- 
cium as sulphate. For ordinary work such a correction may 
be disregarded. The following tables give the corrected and 
uncorrected results. 







TABLE 1 


(correction disregarded). 




Kxp. 


SrO 


SrO 
fOiuuL 


Rrror. 


c*o 


CaO 
finuvl. 


Error, 




grm. 


gmLf 


grra^ 


grm. 


gim. 


grm. 


(ll 


0.0570 


0,0565 


0.0005" 


0.0534 


0.0540 


0.0006^- 


m 


0.0573 


0,0567 


0-0006^ 


0,0534 


0,0643 


0,00013+ 


3i 


0.0286 


0.0274 


0.0011- 


0.0272 


0,0276 


0.0004+ 


(4) 


0,0568 


0,0560 


0.0008^ 


0.0535 


0.0537 


0.0002+ 


(6i 


0.0568 


0.0561 


0,0C»7- 


0.0633 


0,0536 


0,0002+ 


(7) 


0.0288 


0.0280 


0.0008^ 


0.0271 


0.0272 


0.0001+ 


OJ420 


o.i4ie 


0.0004r- 


0.0535 


0.0644 , 


0.0000^ , 


fS 


0,1419 


0.1415 


ooooa- 


0.0666 


0,0660 


0.0OO4+ 


(9 


0.1135 


0.1 1B3 


o-oooa- 


0,1066 


0.1070 


O.0OO4+ 


(10) 


0,1137 


0.U26 


o,oon- 


0.1064 


0.1070 


o,oooe^ 







TABLE 


n (correction applied). 




bp. 


SrO 


BTOfmind 


V__y,- 


CaO 


CaO foiiDd 


Kttct. 


tftken. 


(wrrectedX 




Ukeu. 


(OOTTMted). 




g*^i^ 


gnn. 


gritti 


gniL 


gna. 


grtiu 




0,0670 


0.0671 


0,0001+ 


0.06S4 


0.0636 


0,000^ 


0.0673 


0.0673 


0.0000 


0,06S4 


O.0639 


O.00O6+ 


m 


0.0286 


0.0280 


0.0006- 


0.0272 


0,0272 


0.0000 


121 


0.0668 


0,0566 


0.0002- 


0.0636 


0.0633 


0.0002- 


a066S 


0.0567 


0.0001^ 


0.0533 


0.0631 


0.0002- 


16) 

17) 


0.028S 


0.0286 


0.0002^ 


0.0271 


0.0268 


0.0008^ 


0.1420 


0.1422 


0.0002+ 


0.0636 


0.0640 


0.00(J5+ 1 


^8) 


0.U19 


0.1422 


0,0003+ 


0,0666 


0.0666 


0.0000 


0) 


0.1136 


0.1138 


0,0003+ 


0.1066 


0.1066 


0.0000 


(10) 


0,1137 


0,U3a 


0.0005- 


0,1064 


0.1066 


O.0OQ2+ 



XIV 

A METHOD FOR THE QUANTITATIVE SEPARATION 
OF BARIUM FROM CALCIUM BY THE ACTION 
OF AMYL ALCOHOL ON THE NITRATES. 

By p. E. BROWNING.* 

The fact that strontium can be separated quantitatively 
from calcium by boiling the nitrates with amyl alcohol, as I 
have recently shown, f naturally suggested a similar separsr 
tion of bariimi from calcium by the same general treatment. 
Solutions of specially purified barium and calciimi nitrates 
were prepared and standardized, either by the evaporation or 
filtration of definite portions after treatment with sulphuric 
acid. The mean of several closely agreeing results, both by 
evaporation and filtration, was taken as the standard. The 
method followed was essentially the same as described in the 
method for the quantitative separation of strontium from cal- 
cium referred to above. The first series of experiments was 
directed toward an investigation of the action of amyl alcohol 
upon bariimi nitrate alone. Accordingly definite amounts of 
the bariimi salt were measured into Bohemian beakers of 
about 100 cm^ capacity and weighed. The water was then 
evaporated over a water bath, and the dry salts dissolved in 
a few drops of water and boiled with 30 cm^ of amyl alcohol, 
that amount being determined upon as convenient, until the 
normal boiling point of the alcohol was reached — 128** to 
130** C. During the boiling the beaker was placed upon a 
piece of asbestos board about 15 cm. square to keep the in- 
flammable fumes of the alcohol from the flame. When the 
temperature of the alcohol reached its normal boiling point 

* From Am. Jour. Sci., xliii, 314. 

t Am. Jour. Sd., xliii, 60. This volume, p. 107. 
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the beaker was lemoyed and the barium nitrate filtered off 
upon an asbestos felt in a perforated platinum crucible, the 
crucible and felt having been previously dried and weighed* 
The filtration was carried on under gentle pressure, the fil- 
trate being received in a beaker standing under a bell jar 
upon a ground glass plate. The last traces of barium nitrate 
were removed from the beaker by washing with small amounts 
of anhydrous amyl alcohol contained in a wash bottle, pre- 
viously described, to the mouth piece of which a small chlo- 
ride of calcium tube was connected. The crucible containing 
the barium nitrate was placed in an air bath and heated to 
150** C. The process of heating and weighing was repeated 
until a constant weight was obtained. Series I shows the 
results of these experiments the barium being calculated as 
oxide. 

SERIES I 



Kxp. 


BaOtakan. 


BUG found. 


Brror. 




grm. 
0.1040 
0.1043 
0.0624 
0.0519 


gnn. 
0.1089 
0.1048 
0.0522 
0.0518 


gnn. 
0.0001- 
0.0000 
0.0002- 
0.0001- 



These results show plainly enough the complete insolubility 
of the barium salt in the amyl alcohol ; but to confirm them 
the filtrates of (3) and (4) were evaporated to dryness, ignited 
to bum off any organic matter from the amyl alcohol, treated 
with sulphuric acid, heated to low redness and weighed. The 
weights in both cases showed the absence of any residue. 









SERIES ' 


VL 






Exp. 


BaO taken. 


BaO found. 


Brror. 


G«0 taken. 


CaO found. 


bior. 


(5) 
(6) 
(7) 
(8) 
(9) 


gnn. 
0.1410 
0.1800 
0.1048 
0.0781 
0.0525 


gnn. 
0.1406 
0.1801 
0.1049 
0.0781 
0.0526 


gnn. 
0.0004- 
0.0001 + 
0.0006 + 
0.0000 
0.0001 + 


gnn. 
0.0112 
0.0926 
0.0741 
0.0566 
0.0373 


gnn. 
0.0114 
0.0926 
0.0786 
0.0554 
0.0872 


gm. 
0.0002 + 
0.0000 
0.0005- 
0.0002- 
0.0001- 
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SERIES nL 



Eip. 


BftOtywa. 


B*0 foqni 


Xttot, 


QaOt^en. 


GiO foDiifL 


Error. 




grtiL 


gnn. 


grm. 


gniL 


grm. 


gnn. 


10) 


0.1304 


O.lSOfi 


0.0004 + 


0.0&27 


0.0921 


0.0006- 


11) 


0.1043 


o.ioia 


0,000S + 


0.0371 


0.0370 


0.0001 - 


12) 


0.1037 


o.ioae 


O.OOOl- 


0.0743 


0.0744 


0,0001 + 




0,078a 


0,0770 


0.0007- 


0.0427 


0.0^2 


0.0006- 


0.0519 


0.0521 


0.0002 + 


0.0369 


0.0:^61 


0,0008- 


06) 


O.OGlfl 


0.0512 


0.0007 - 


0.0670 


0.0567 


0,0003- 


(16) 


0.0261 


0.0269 


o.oooa- 


0.0926 


0.0926 


0.0000 



The next experiments were directed toward a separation of 
barium and calcium nitrates. Definite amounts of a solution 
of barium nitrate were measured from burettes into counter- 
poised beakers and weighed, as already described, the calcium 
nitrate was then added in solution and the weight taken again. 
The water was evaporated and the dry salts dissolved again 
in the least possible amount of water, and boiled as before 
with 30 cm^ of amyl alcohol. The barium salt was filtered 
off into a perforated platinum crucible containing an asbestos 
felt, dried and weighed as previously described. The calcium 
was determined in the filtrate, in the form of the sulphate, by 
evaporation of the alcohol, treatment with an excess of sul- 
phuric acid and ignition. Series II gives the results of this 
treatment. 

In Series III the effect of a double treatment with the alco- 
hol is recorded. In these experiments, after the first boiling, 
already described, the alcohol was decanted upon an asbestos 
felt, under the conditions previously mentioned, and collected 
in a beaker placed to receive it. The residue was then dried 
at a gentle heat over a radiator to remove amyl alcohol, dis- 
solved in a few drops of water, and this solution was treated 
with a drop of dilute nitric acid to assure the condition of 
nitrate, and evaporated to dryness. After dissolving in a few 
drops of water, 30 cm^ of alcohol were added, and the boiling 
repeated. The residue was filtered off upon the felt through 
which the first portion had been decanted and washed with 
amyl alcohol, care being taken to remove all particles from the 
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beaker by careful rubbing. The crucible and residue were 
heated to 15(f C. as before and weighed. The results after 
one treatment are fully as satisfactory as those after the 
double treatment, — a point which simplifies the method con- 
siderably. In the separation of strontium from calcium the 
double treatment was necessary. The form in which the 
salts separate suggested a possible explanation. The stron- 
tium nitrate separates in plate-like masses, while the barium 
is much more granular and therefore less liable to include 
foreign matter. 

SERIES IV. 



Eip. 


■Qd 
UJcen. 


uid 

found ud 
corriaeted- 


lu 


£rTOr 
KTcngedibd 

calculated 

HOxidll. 


Uk«ii. 


CiO 


Krfor, 


(17) 
(18) 
(19) 
(20) 
(21) 
{22) 
(28) 
(24) 
(26) 


0-3941 
0.1438 
0.3163 
0.1978 
0,1948 
0.1971 
0.1973 
0.1969 
0.1971 


0.3946 
0.1442 

0.3152 
0.1987 
0.1932 
0.1971 
0.1960 
0.1970 
0.1963 


grm. 
0.0004+ 
O.OOOftf 
O.OOll- 
0.0009+ 
0.0016^ 
0,0000 
0.0013-^ 
O.0011+ 
0,0008+ 


0.000^ 
0.0003+ 

0.0006- 
0.000&f 
0.000ft- 

0.0000 
0.0007- 
0,0005+ 
0.0004+ 


^^ 
0.02g3 
0.0568 
0.02&4 
0.0286 
0.0833 
0.0880 
O.O6S0 
0.0880 
0.0834 


0.0277 
0.0668 
0.0274 
0.O2SO 
0,0836 
0,0817 
0.0824 
0.0819 
0.0631 


0.000<^ 
0.001O- 
0.001O-. 
0.0005-^ 
0,0002+ 
0.0013- 
0.0006-^ 
0.0011-^ 
0.0003^ 



Series IV contains the results of certain experiments 
directed toward the separation of barium and strontium 
together from calcium. Definite portions of the three ni- 
trate solutions were measured into counterpoised beakers and 
the successive weights taken as previously described. The 
method of treatment was the same as that described in the 
double treatment of the barium and calcium salts. The cor- 
rection for the solubility of the strontium salt was applied 
(0.001 grm. of strontium oxide to 80 cm^ of the alcohol used) 
in the manner defined in the paper upon the separation of 
strontium from calcium. The results are tabulated for the 
nitrates in the cases in which barium and strontium were 
treated together, but the errors are also averaged on the 
oxides for the amounts of barium and strontium nitrates 
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taken in order that they may be compared more conveniently 
with the results of the previous series. 

In Experiments (21) and (25) 16 cm' of the alcohol were 
used in each boiling instead of the 80 cm' of the previous ex- 
periments, and thus the total amount of the corrections for 
the solubility of the strontium salt was reduced one-half. In 
Experiments (21), (23) and (25) the calciimi was determined 
by precipitation with sulphuric acid, the precipitate being 
filtered off, ignited at low redness and weighed. 

The rapidity of execution and satisfactory character of the 
results of this method of separating barium from calcium 
seem to place it among good analytical methods. 



XV 

ON THE QUALITATIVE SEPAKATION AND DETEC- 
TION OF STRONTIUM AND CALCIUM BY THE 
ACTION OF AMYL ALCOHOL ON THE NITRATES. 

By p. E. BBOWNING.* 

Ik a recent paper f I have shown that strontium and caleimn 
may be separated quantitatively by boiling the nitrates of 
these elements with amyl alcohol and applying the corrections 
determined for the solubility of the strontium salt. The 
qualitative separation, however, is somewhat vitiated by the 
deposition of a slight residue upon the bottom of the test-tube 
or beaker when calcium nitrate is boiled with amyl alcohoL 
While this deposit weighs but a few tenths of a milligram and 
is insignificant in its effect upon the interpretation of the 
quantitative results, it may easily be mistaken for strontium 
in the qualitative test unless tested spectroscopically. This 
residue when dried, dissolved in water and nitric acid, and 
again treated with amyl alcohol is not dissolved completely 
but again separates out wholly or partially. The possibility 
of the formation of the calcium salt of an organic acid by the 
action of the nitric acid on the amyl alcohol (a point to which 
reference was made in the paper before mentioned), suggested 
the idea that ignition might so change the residue that it 
would not reappear upon a second boiling with the amyl 
alcohol. Experiment proved the truth of this presumption; 
for it was found that after getting the ignited residue into 
solution with water and a drop of dilute nitric acid, subse- 
quent boiling with amyl alcohol effected complete solution, as 
shown by experiments (1), (2), (8), (4) of Series I below. 

« From Am. Jonr. Set, zliii, 886. 

t Am. Jonr. ScL, zliii, 60. Thia Tolume, p. 107. 
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In applying the method qualitatiyely, small amounts of the 
amyl alcohol may be conveniently used and the boiling carried 
on in a test-tube, care being taken to keep the inflammable 
fumes of the alcohol from the flame. Five cubic centimeters 
of the alcohol is a convenient amount to use in each boiling 
and the error introduced by the solubility of the strontium 
salt is thus reduced to a minimum, the solubility in 80 cm' 
having been determined to be 0.001 grm. of the oxide. 
Experiments made to test the delicacy of the method as re- 
gards the detection of strontium alone are recorded in Series I 
(5), (6), (7), (8), (9); and (10), (11), (12), (13) give the 
results of the treatment in the presence of both strontium and 
calcium. Into a test-tube is put the mixture of the nitrates 
of strontium and calcium not exceeding 0.2 grm., that being 
the limit of the solubility of calcium nitrate in 6 cm* of amyl 
alcohol. After dissolving in a few drops of water, 5 cm* of 
amyl alcohol are added and the boiling is carried on until the 
normal boiling point of the alcohol, 128-130° C, is reached. 
If strontium is present to the amount of 0.001 grm. of the 
oxide or more a very decided separation takes place. If the 
amount is smaller it cannot be readily distinguished from 
the residual spots deposited on the bottom of the tube by the 
calcium salt. The alcohol containing the calcium salt dis- 
solved is decanted upon a dry filter paper in a dry funnel 
and the residue washed in the tube with about 5 cm* of 
absolute ethyl alcohol, this also being filtered into the tube 
containing the amyl alcohol. The filtrate is reserved to be 
tested for calcium, while the residue, if so small that it may 
be a calcium deposit, is dried gently and finally ignited by 
agitating the tube over a flame. After cooling the tube a 
few drops of water and a drop of nitric acid are added and the 
boiling repeated. As the results of Series I show, any amount 
of strontium above 0.0005 grm. of the oxide separates out 
distinctly, while the slight calcium residue does not reappear. 
My experience has been that amounts of calcium nitrate equal 
to 0.2 grm. give a deposit on the first boiling about equal to 
0.0008 grm. of strontium oxide on the first boiling. The 
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residues from the second trealziieiit in Series I (5) to (13) 
were all dissolved in a few drops of water treated with a drop 
of hydrochloric acid and tested before the spectroscope, all 
giving distinct strontium lines but no trace of calcium. The 
calcium residues from the first boiling gave distinct calcium 
lines but no trace of strontium. 



SERIES L 



Kip. 


iiO 


C^^O^), 




Depsdttfber 


takaa. 


Ui»L 


flntboOmtf. 






frtnu 


grta^ 






fU 


* * - 


OJ 


Trace. 


None. 


<2) 


• - - 


0^ 


SlighL 


None. 


SI 


. . . 


0^ 


Slight, 


None, 


. « . 


0^ 


DisdxLct 


Faintest trace. 


m 


a€008 




Funttnce. 


Faint trace. 


m 


O.O00S 




Faint trace. 


Fain tea I trace. 


i7f 


0.0005 




Dirtinct- 


DiatiQct. 


i8f 


0.0006 




Dutioct. 


Bittiodt, 


' i9l 


0.0010 




DUtioct. 


DistiJict. 


(10) 


aooio 


bi 


ButitK^t. 


Diatiiict. 


(11. 


0,0005 


0.1 


Bifltisct 


F&intett trace. 


{12^ 


0.0007 


0.1 


Dlfidnct 


Faint trace. 


(13) 


O.O00S 


0,05 


Dklziict. 


DlAtttlCt. 







SERIES n. 


X[^ 


BHSOJ^ 


OtO 


n^^ih- 1 


tekA. 


takok- 


UflMUE. 




^^ 


cm. 




{^\ 


0.001 


> ■ ■ 


Faint gimntilftr dondiiins. 


|2) 


0.1 




«t *i iJ 


W 


m 


* « 


«i tt li 


j4) 




oooi 


Decided flocky fioatiiig aa«4»ei. 


5* 




0.0005 


U U «f 4i 


m 




0.0002 


H U ■< |i 


(7) 




0.0001 


Plain ** « « 


m 




0.00006 


Faint 


m 


b.i 


0.0005 


Decided " 


ao) 


0.1 


0.0002 


*l M ft « 


11) 


0.1 


0.0001 


PJain 


(12) 


0.2 


0.0002 


Decided " 



The delicacy of the process in the detection of calcium is 
shown by the experiments of Series 11. The method of treat- 
ment was the same as described above excepting that the 
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filtrates and washings after the first boiling were used for 
these tests. To these clear filtrates about 2 cm^ of dilute 
sulphuric acid were added, and in five minutes or less the 
results recorded were apparent. When strontium alone was 
taken either in large or small amounts, the result was uni- 
formly a faint cloudiness gathering after standing some time 
to a minute precipitate of a granular character. In the case 
of the calcium the detection could be carried easily to 0.0006 
grm. of the oxide, and satisfactory results were obtained with 
0.0002 grm. The character of the precipitate in the case of 
calcium was, moreover, distinctive, it being in every case light 
and flocky, and collecting in floating masses. With the 
precautions noted very satisfactory results can be obtained by 
this method, not the least advantage being the rapidity witli 
which a determination can be made. It wiU be noticed that 
in some cases calciimi and strontium are recorded as the 
nitrates and in others tabulated as oxides. When either stron- 
tium or calcium were used in large quantities the pure nitrate 
was weighed out directly; when very small amounts were 
used these were taken from the standardized solutions of the 
nitrates used in the quantitative work, the standards of which 
had been recorded in terms of the oxide. The strontium and 
calcium salts used in this work were specially purified by the 
methods detailed in my previous paper. 



XVI 

A METHOD FOR THE DETERMINATION OF 
BARIUM IN THE PRESENCE OF CALCIUM 
AND MAGNESIUM. 

By F. W. mail* 

The recent investigation f by R Fresenius of the value 
of the various methods which have been proposed for the 
separation of barium and calcium, shows that but two of 
the methods tested by him are suJBBciently accurate for good 
analytical work, and even with these it is necessary to make 
two treatments in order to obtain a complete separation. 
The method here described may therefore be of interest and 
by reason of its rapidity and accuracy may prove valuable, 
although since the publication of tiie work of Fresenius 
another method :( has been published from this laboratory 
which, in point of accuracy, leaves little to be desired. 

It has long been known that barium chloride is insoluble 
to a marked degree in concentrated hydrochloric acid, but 
the difficulty of filtering off the strong acid has in the past 
prevented the determination of the exact amount of this in- 
solubility, and for the same reason the reaction has not been 
available for quantitative use. Since the invention of the 
Gooch crucible, however, the treatment of such strong acid 
filtrates has become a matter of the greatest ease, and it 
seemed worth while to investigate the limits of the insolu- 
bility of barium chloride in tiie strong acid and to ascertain 
whether the reaction might not be of use in the separation of 

* From Am. Jour. Sci., xliii, 621. 
t Zeitechr. anal. Chem., xxx, 695. 
X Browning : Am. Jour. ScL, zliii, 314. This Yolome, p. 110. 
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barium from calcium and magnesium, the chlorides of which 
are soluble in the strong acid. 

The barium chloride used in the following experiments 
was the pure crystallized chloride containing two molecules 
of water. The calcium salt was the pure fused chloride, and 
the magnesium salt was the pure crystallized magnesium 
chloride dried at 50** C. As the two latter were not deter- 
mined in the experiments it was not necessary to know the 
composition of the salts used as regards hygroscopic moisture. 
Attention was first given to determining the solubility of 
barium chloride in hydrochloric acid. 

SERIES A. 



Kip. 


BaCl, . 2H,0. 


Witer, 


H€l. 


Total 


BiCl^ 


LOH, 


(1) 

(3) 

(4) 

5) 

m 

(8) 


0.5024 

0.5084 
0.5090 
0.5033 
0.5047 
0.6066 
0.5008 
0.6011 
0.5024 


6 
6 
2 
2 
2 
2 
2 
2 
2 


cm* 
20 
20 
25 
26 
26 
60 
50 
50 
76 


cm* 

" 90 
62 

116 
76 
03 

123 


grm. 
0,4241 
0.4S04 
0.4320 
0.4251 
0.4247 
0.4257 
0.4218 
0.42213 
0.4246 


gnu. 
0.0041 
0.0030 
0.0027 
0.0039 
0.0055 
0.0060 
0.0061 
0.0051 
O.0O37 



The experiments in Series A were made as follows: — The 
barium salt was weighed out, placed in a small beaker and 
dissolved in the amount of water indicated. The barium 
was then precipitated as the anhydrous chloride by adding, 
gradually at first, the amount of hydrochloric acid shown. 
After standing for five or ten minutes the precipitates were 
filtered off upon asbestos in Gooch crucibles, washed with 
concentrated hydrochloric acid, dried sometimes over a low 
flame (at about 150^-200° C.) and sometimes in an air bath 
heated to 165° C. and weighed. In several cases the total 
filtrate was measured and the volume is given in the tabu- 
lar statement. The results show a considerable solubility 
amounting to about 1 part in 8000 under the conditions 
given. 
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SEBIES B. 



fcp. 


BaCl,.2H/>. 


Water. 


HCL 


TMid 
flltrate. 


BuCl^ 


LOH. 


(10) 

(11) 

(12) 
(18) 


grm. 
0.6067 
0.6017 
0.6068 
0.6019 


emS 
2 
6 
3 
2 


26 

60 

60 

100 


emS 

76 

90 

100 

144 


grm. 
0.4268 
0.4198 
0.4286 
0.4186 


grm. 
0.0042 
0.0078 
0.0085 
0.0082 



The experiments in Series B were conducted similarly to 
those of Series A except that the precipitates were allowed 
to stand 24 hours before filtration. The loss due to solu- 
bility was, as is shown by the table, greater than before, due 
doubtless to the escape of hydrochloric acid gas from the 

solution. 

Series C. 



top^ 


BaClt.2H,0. 


Water. 


HCL 


AVwiiol. 


BuCl^ 


LOM. 


iKi 


grm. 
0.6011 
0.6096 


om> 
3 
2 


26 
26 


em> 
16 
10 


grm. 
0.4228 
0.4278 


grm. 
0.0043 
0.0066 



The experiments of Series C were conducted in the same 
manner as those of Series A except that the amount of abso- 
lute alcohol indicated was added after the precipitation by 
hydrochloric acid. The results show that the alcohol neither 
decreased nor increased the amount of the solubility of the 
chloride. 

Series D. 



Exp. 


BaClt . 2H,0. 


HCL 


BaClr 


LOM. 


(16) 
(17) 
(18) 
(19) 
(20) 


grm. 
0.6010 
0.6020 
0.6020 
0.6016 
0.6022 


om* 
60 
60 
60 
60 
60 


grm. 
0.42^9 
0.4267 
0.4266 
0.4269 
0.4267 


grm. 
0.0029 
0.0022 
0.0024 
0.0017 
0.0014 



In the experiments of Series D the weighed barium chlo- 
ride was placed in an Erlenmeyer beaker and dissolved in 
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four or five cubic centimeters of water. The indicated 
amount of acid was then added, and a stream of hydrochloric 
acid gas was passed for two hours into the cooled mixture. 
The precipitates were then treated as in the former experi- 
ments. The results show that even in the strongest possible 
solution, at the ordinary temperature, of hydrochloric acid 
barium chloride is soluble to a considerable degree, this solu- 
bility amounting according to the first three experiments of 
the series to about one part in 20,000. In Exp. 18 and 19 
ten cubic centimeters of absolute ether were added to the 
solution before passing in the hydrochloric acid gas. The 
results showed that the ether seemed to decrease the solu- 
bility of the barium salt, and therefore the experiments of 
the following series were undertaken. 

SERIES E. 



fttp. 


BmCl, , 2H,0. 


HCL 


St^r. 


BaCI,. 


LQ4L 




gnu^ 


cm* 


on* 


grm- 


^fm. 


(21) 
(22) 


0,5008 


50 


10 


idAUl 


0.0002 


0.5002 


50 


10 


0.4257 


0.0007 


(23) 1 


0.4030 


50 


10 


0.4252 


0.0000 


124) 


1 0.4000 


50 


10 


0.4258 


0.0003 


126) 


0.5003 


25 


25 


0.4250 


0.0006 


36) 


0.5002 


26 


6 


0.4262 


0.0002 1 


27) 


0.5099 


25 


6 


0.4344 


0.0003 


(28) 


0.5003 


25 


5 


0.4261 


0.0003 



The experiments of Series E were conducted as follows. 
The amount of barium salt specified was dissolved in the 
least, convenient, amount of hot water (about 2 cm^) and 
precipitation was brought about by adding the indicated 
amount of concentrated hydrochloric acid. The beaker con- 
taining the precipitate was then placed in cold water and the 
amount of ether shown in the tables was added and mixed 
with the solution by thorough stirring. After standing for 
five or ten minutes the precipitate was filtered off and washed 
with concentrated hydrochloric acid containing about ten 
per centum by volume of absolute ether and dried, sometimes 
in an air batli at 165°-175° C. and at others over a radiator 
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giving a tempeiatxue of 175''-200® C. A constant weight 
was more quickly obtained by the latter method and it was 
used exclusively in the experiments of the subsequent series. 
In using it a low heat was used at fiist and the temperature 
was not increased until the precipitate was moderately dry. 
The results show that barium chloride is practically insoluble 
in a mixture of hydrochloric acid and ether containing about 
one-sixth by volume of the latter. The average solubility 
calculated from the experiments given is one part in 122,000. 
The actual solubility is less than this since no account was 
taken of the volume of the washings which were at least 
equal to the original filtrates. 







SERIES F. 






fi*cn,.2H^* 


ccv 


HCL 


»lwr. 


B»CV 


Utm. 


gnu- 


Snt 


cmJ 


em* 


gttn. 


grm 


asooi 


0.6 


50 


10 


0.426O 


0.0013 


0.4999 


0.6 


50 


10 


0.426O 


0.00U 


0.6006 


0.6 


26 


25 


0.4260 


oooog 


0.6002 


0.42 


26 




0.4!i58 


0-0004 


06001 


0.5 


25 




0.4266 


0.0008 


0.600& 


0.5 


25 




0.4261 


0,0016 


OSOOl 


0-5 


25 




0.4264 


0.0009 


0,6001 


0.5 


23 




04258 


0.0006 


0.6003 


0.5 


25 




0.4261 


0.00OI 


0.1002 


SO 


25 




0.0842 


0.0010 


0,0107 


ao 


25 




o^ooeo 


O.00OS 


0.6100 


0.6 


26 




0.4328 


0,0030 



Hxp, 



Series F was undertaken to test whether the mode of pre- 
cipitating barium used in the preceding series would be of 
use in the separation of the barium from calcium. The 
experiments were conducted as in Series E, except that the 
calcium salt was dissolved with the barium chloride. It was 
necessary to use more water than in Series E to effect 
solution, but as the barium salt was uniformly the last to 
dissolve the effect was practically the same as before. The 
results show that mixtures of barium and calcium in all pro- 
portions are perfectly separated by this method, 0.010 grm, 
of barium chloride being separated with accuracy from 8 grm. 
of calcium chloride. The calcium does not show the slight- 

9 
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est tendency to come down with the barium, and those 
experiments in which separation was effected by the use of 
25 cm^ of hydrochloric acid and 5 cm^ of ether gave rather 
better results than those in which double this volume was 
employed. It is better not to let the precipitations stand too 
long before filtration, even if kept cold, as the hydrochloric 
acid evaporates from the solutions, and experiments in which 
filtration was delayed for about two hours (e. g., Exps. 33, 
34, 35) show a rather larger loss than the average. That 
there is no advantage in increasing the amount of ether over 
the proportions used above is shown by Exp. 31, which is 
comparable with Exp. 25. In the case of Exp. 40, in which 
no ether was used, the result is comparable with the experi- 
ments of Series A. The precipitate was washed, however, 
with the mixture of hydrochloric acid and ether. 

SERIES G. 



Exp. 


BaCla . 2H,0. 


MgCls . 6H0,. 


HCl. 


Ether. 


BaCV 


Loss. 




grm. 


grill. 


cm' 


cm' 


grm. 


grm. 


(41) 


0.4999 


0.6 


26 


6 


0.4263 


0.0007 


(42) 


0.6000 


0.6 


26 


6 


0.4267 


0.0006 


48) 
44 


0.1002 


3.0 


26 


6 


0.0844 


0.0008 


0.0100 


3.0 


26 


6 


0.0077 


0.0008 



The experiments of Series G were made in exactly the 
same manner as those of Series F, except that varying 
amounts of magnesium chloride were present instead of the 
calcium salt. The results are uniform and exact, and indi- 
cate that barium may be separated from magnesium when 
the two are present in any proportion. It is probable that if 
magnesium chloride were present in an amount larger than 
3 grm. in 30 cm^ it would be necessary to make two treat- 
ments, as under those circumstances it shows a slight ten- 
dency to precipitate. The amount of mixed salts present 
should always, therefore, be kept below this limit. 

Becapitulatio-n. — Barium chloride is soluble to an extent 
not exceeding one part in 20,000 in pure concentrated hydro- 
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chloric acid, but the solubility increases very rapidly with 
the diminution in the strength of the acid. In concentrated 
hydrochloric acid containing ether it is soluble to an amount 
not exceeding one part in about 120,000. To utilize this 
fact for the separation of barium from calcium and magne- 
sium the chlorides of the earths are dissolved in the least 
possible amount of boiling water and precipitated by 25 cm^ 
of concentrated hydrochloric acid with the addition of 5 cm^ 
of absolute ether after cooling. The acid should be added 
drop by drop at first allowing the precipitate formed to redis- 
solve as long as possible, as the precipitate is thus obtained 
in a coarse crystalline condition and filters very quickly and 
is less liable to include foreign matter. After standing a few 
minutes the precipitate is to be filtered in a Gooch crucible, 
washed with hydrochloric acid containing about 10 per cent 
of ether and dried at 150°-200° C. The method is accurate 
and rapid, and possesses the further advantage when a 
number of determinations are to be made that the precipitate 
may be dissolved off the felt by a little water and, after 
ignition, the crucible and felt may be used again without 
reweighing. A felt upon which half a dozen precipitates 
were weighed did not change its weight to the extent of one- 
tenth of a milligram. The fumes of the strong acid cause no 
inconvenience if the filtration is performed in front of a good 
flue. A gas flame may be used in the flue without danger 
from the ether which seems to be firmly held by the hydro- 
chloric acid. A flame was used to increase the draught in 
all of the experiments given and with entire safety, even 
when the filtrate contained 50 per cent by volume of ether. 
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A METHOD FOR THE lODOMETRIC DETER- 
MINATION OF NITRATES. 

By F. a. GOOCH and B. W. GRUENEB.* 

It has been shown by DeKoninck and Nihoul f that 
nitrates may be decomposed completely by the prolonged 
action of g^eous hydrochloric acid^ and determined with 
accuracy by measuring the iodine set free when the products 
of decomposition, carefully kept from atmospheric contami- 
nation, act upon potassium iodide. These investigators 
recognized the difficulties attending the use of gaseous 
hydrochloric acid in analytical processes, and endeavored 
unsuccessfully to substitute the strong aqueous solution for 
the gaseous acid. The work to be described in the following 
account was performed in the search for a simpler method for 
the iodometric determination of nitrates. 

According to a process recently developed in this labora- 
tory, J chloric acid may be determined with the greatest 
ease. It was shown that in the interaction of a chlorate 
with potassium iodide, arsenic acid, and sulphuric acid, in 
regulated quantities in aqueous solution and at the boiling 
temperature, the first action of the hydriodic acid set free 
from the iodide by the sulphuric acid is upon the chloric acid, 
and that not until this action is completed is the arsenic acid 
attacked and reduced with the simultaneous liberation of a 
corresponding amount of iodine. If the arsenic acid is taken 
in quantity sufficient to insure the final decomposition of the 
entire amount of iodide present, the arsenious acid fpund at 

♦ From Am. Jour. Sci., xliv, 117. 

t Zeitachr. angew. Chem., 1890, 477. 

I Gooch and Smith, Am. Jour. Scl, xlii, 220, thii Tolnme, p. 83. 
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chlorine of the higher chlorides is evolved and manganous 
chloride remains. During the process of heating the color 
of the solution passes from the original characteristic green 
through darker shades to black and returns by the reverse 
changes to the original tint. The decomposition of the ni- 
trate extends under the conditions to the last traces, but the 
breaking up of the nitrates with the formation of the higher 
chloride, does not take place completely in the presence of 
water amounting to more than a third of the volume of the 
solution, and an action already established in strong acid is 
reversed by the addition of a large amount of water. Chlor- 
ates, peroxides, and other substances which liberate oxygen or 
chlorine when in contact with strong hydrochloric acid induce 
similar phenomena, but in the absence of such other substances 
the reaction serves to detect nitrates when present in fairly 
small amounts (perhaps one part in sixty thousand) as shown 
in the accompanying table : 



KNO, 


MnOl^ 4H.0 
in strong HCL 


Color 


taken. 


developed. 


grm. 


cm* 




0.01000 


10 


Black. 


0.00600 


5 


Black. 


0.00100 


5 


Dark brown. 


0.00060 


5 


Dark green. 


0.00026 


5 


Deepened tint 


0.00016 


5 


Deepened tint 


0.00006 


5 


None. 


0.00000 


5 


None. 



In the first attempts to apply this reaction to the quantita- 
tive estimation of nitrates, 10 cm^ of the manganous mixture, 
the pure weighed nitrate, and an excess of potassium iodide 
were put in a tubulated retort fitted with a hollow ground 
stopper drawn out at both ends so as to serve for the 
introduction of carbon dioxide evolved in a Kipp's generator 
charged with marble and acid previously boiled. The neck 
of the retort passed through a rubber stopper nearly to the 
bottom of a side-neck Erlenmeyer flask, used as a receiver. 



imrEsanxAJWwr 'Qf xttili jss. IS 



sag ^bg xcfe jiMn'iiife' itooi^ j^ ni^iber stcfper «Bd iiBMk- 
BBB^ :s£i liie bGQQBB cf m siie-aiK^ ^es xohe iusf^ i^ 
<i wioA liie ssBfpBt was feafA 
Tb £zsi moQi^BT aanoBBBd iipiiccfeii soSum csiH:mas^ in 

icsorx ae ix «h<n2ld &s^ cppo; m ctcgwadfqafafe qnsninr of 

iht free w&nt er^i^vBd. TW sficocii ^anilW i>eiM\^er 
pdlr £Ikd visk m dihzse iriiraifin o£ pcttfessna iodide 
and Inndicigesi soSsim enbooase. Hie i'iiinetii of caiK^si diox- 
ide w ssMJwi. TWTOfrfijarihr i]pGBi imzv^dodi^ li^ concent 
ci tbe resoru aad ibe jot vas ssie^ remoTied b^oiz>^ ihe djutk- 
eoix^ <^ ecdo^ viiieli begins to appear Texy sohoa. bad $pi«did 
tbioogb tbe Bqizid. Heat vas a{f)iied^ azid tbe e\Kihnioii of 
mtrie oxide and laier dtti of iodine began. Tbe disdSlaiMi 
waa eamznned xnxtil neazhr all the bqnid bad p^ssvd o\^ar« 
FmaQT, tbe eoDSezua of bodi leeeiTers ^nei^ unii^ and 
titTatfd against dedncxiDal iodine. Tbe diffeiene^ bermeen 
tbe excess of arapnioos oxide lexuining nnoxidiEed and tbe 
amount onginaD j piesent mis taken as tbe measoie of tbe 
iodine libexated and, aoooidii^T, of tbe nitzate decomposied^ 
upon die piesmiiption tbat tvo moleciiles of tbe nitzate 
libeiate ultimatelj six atcmis of iodine accoiding to tbe 
eqnaticai 

2HXO, + 6H.I = 4H,0 + 2XO + SM, 

The choice of tbe solution for tbe retention of tbe halogen 
erolved was dictated by tbe consideiation, in tbe first place» 
tbat Teiy little iodine could pass throng the alkaline arsenite 
to come into contact with the rubber stopper of the leceiver 
on tbe war to the second absorfaii^ liquid, and, secondly, that 
higher oxides of nitrogen reformed by the action of traces of 
air possibly introduced with tbe carbon dioxide or imperfectly 
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removed by it could not liberate iodine from an iodide in 
alkaline solution. 

The iodide was introduced into the retort because, having 
chosen to collect the halogen in alkaline solution, it became 
necessary to take steps to break up, before it should reach 
the receiver, all nitrosyl chloride, the formation of which our 
experience in former lines of work not here detailed had led 
us to expect under the circumstances. In acid solution 
containing an iodide, nitrosyl chloride liberates iodine and 
is registered; in alkaline solution it breaks up with the 
formation of a chloride and a nitrite, the latter having no 
immediate action upon the arsenite. The results of experi- 
ments made in this manner are recorded in the accompanying 

table. 

TABLE I. 



KNO, 
taken! 


Klin 
ratort. 


Unci, 
mixture. 


KNO. 
foimd. 


Srror. 


grm. 


gnn. 


cm» 


grm. 


grm. 


0.1036 


0.8 


10 


0.1009 


0.0027- 


0.1083 


0.8 


10 


0.1082 


0.0001- 


0.1064 


0.8 


10 


0.1053 


0.0011- 


0.1068 


0.8 


10 


0.1033 


0.0035- 


0.0561 


0.8 


10 


0.0531 


0.0020- 



The experiments of Table II were carried out in a manner 
essentially similar to that of the experiments of Table I, 
excepting the single point that the iodine evolved in the 







TABLE 


n. 




KNO. 


Klin 


MnCl, 


KNO. 


Error. 


taken. 


retort. 


mixture. 


found. 


gnn. 


grm. 


cms 


grm. 


grm. 


0.2039 


1.6 


20 


0.2026 


0.0014- 


0.1060 


0.8 


10 


0.1035 


0.0025- 


0.1036 


0.8 


10 


0.1016 


0.0020- 


0.1013 


0.8 


10 


0.1002 


0.0011- 


0.0621 


0.6 


10 


0.0521 


0.0000 


0.0286 


0.6 


5 


0.0227 


0.0008- 


0.0273 


0.6 


5 


0.0262 


0.0011- 


0.0136 


0.2 


5 


0.0132 


0.0004- 


0.0011 


0.2 


6 


0.0009 


0.0002- 
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possible under certain conditions of dilution, would account 
satisfactorily for the deficiency in the results of titration 
effected in alkaline solution. Upon this presumption the 
simple and obvious modification of titrating in acid solution 
should correct the error. Accordingly in the following series 
of experiments the plan of collecting the halogen and titrat- 
ing in alkaline solution was abandoned, and since the addition 
of an iodide to the retort was no longer essential this practice 
was discontinued. The products of the action of the nitrate 
upon the manganese mixture — chlorine, nitric oxide and 
perhaps nitrosyl chloride, — were received directly in potas- 
sium iodide, and the iodine set free was titrated by sodium 
thiosulphate, itself standardized against iodine of known 
value with respect to a standard solution of decinormal 
arsenious oxide. 

With the abandonment of the plan of putting the alkaline 
arsenite into the receiver the tendency of the iodine to pass 
onward to the second receiver is augmented and the possible 
action of the rubber stopper of the receiver becomes corre- 
spondingly dangerous. We modified the apparatus, therefore, 
so that only glass should occur where by any possibility 
rubber connections might act upon the free halogen. In place 
of the ordinary retort we adopted a form of apparatus made 
use of formerly by one of us in the quantitative distillation of 
boric acid under the action of methyl alcohol — a pipette bent 
and fitted as shown in the figure. To this apparatus was 
sealed a Varrentrapp and Will nitrogen bulb, the exit tube of 
which was drawn out so that it might be pushed well within 
the inlet tube of the second receiver — a Will and Varrentrapp 
absorption flask — and held in place by an outside rubber 
connector. The third receiver acts simply as a trap to ex- 
clude air from the absorption apparatus proper. In conducting, 
the experiment the receivers were charged with solutions of 
potassium iodide, the first containing three grams, the second 
one gram, and the third only a fraction of a gram for every 
tenth of a gram of nitrate used. The first receiver was kept 
cool during the process by immersion in water. The intro- 
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duction of the nitrate and manganons mixture following it 
was made easy and safe by applying gentle suction to the end 
of the absorption tram. The current of carbon dioxiile wm 
started immediately after putting in the manganoun mixturet 
and after a suitable time had elapsed for the removal of tdr 
heat was applied to the retort and the diatlUation wm 
continued until nearly all the liquid had passed over, Fis^y 
the contents of the receivers were united^ the wanting (4 ttwi 
bulbs was effected easQy and expeditiously by pai»Ming tbi 
wash-water directly through retort and receiver (^tli#j inirorlrwv 
tion of the manganese chloride into the dintillat^; t)^g ru^ »t 
all prejudicial to the accuracy of tb« tltratirm;, fuui tim 
estimation of free iodine made by srjdinm thumnlffhsilfs m 
described. The results of the exfenmenUk f^fmUu^U^l iu tbk 
manner are given in Table HL 

TABLE TJL 



KSQ^ 


£2l 


£2^ 




0m- 


^m. 


im0 


0m. 


0m 


iUOS» 


» 


f^^MI 


^tH^y, 


HtHif^% 


^jxei 


» 


hfM^ 


^tH)^^ 


^¥m^ 


^VOfBA 


SI 


^.UV» 


t^t0^0\f^ti 


^M^t 


AHttT 


» 


^im^ 


^t^%% 


h¥H^ 


aifMft 


HI 


^Mtk 


^tH^ 


4^^^^ 


fkVBx: 


» 


fkum 


h^HA^ 


MH^r 


djosm 


ai 


^iHM 


MlHfl^'. 


htH^y^, 


^miz 


m 


len^ 


^^t0^V 


4m^ 


«MSi^ 


A 


^ii0m 


StHi^ 




^msBt 


-A 


iiia*i 


4<^^^ 


(S'M)^ 


^mar 


^ 


'MffM 


4<mt 


\^H^r 


lorar 


% 


<%mm 


M¥m' 




la^i^ 


^ 


%mm 


4<W<^ 


xmtsi 


i 


\000»^ 


^m^ 


\^¥M 


ttSMS^ 


^ 


%m0^ 


^<im^r 


s^^m- 


%mv^ 


^ 


\<m^ 


^0A^- 


iM^- 


imm 


i 


Mmm 


IrVW 


^^^^ 



^4'. 
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solution of ciystallized manganous chloride in strong hydro- 
chloric acid in an atmosphere of carbon dioxide, the passage 
of the products of action into potassium iodide, and the 
titration of the liberated iodine by sodium thiosulphate. It 
is important to take precautions to prevent the contact of the 
free halogen with rubber stoppers or connectors, and any 
apparatus, suitable for ordinary quantitatiye distillation and 
absorption, which meets this condition will probably answer 
the requirements of the process. Our own preference is for 
the apparatus described and figured. 

The titration should be completed as soon as may be after 
admitting air to the distillate in order that traces of dissolved 
nitric oxide may not be reoxidized and again react upon the 
iodide present to liberate more iodine. 
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stand which students usually find unwieldy and difficult to 

dispose of in limited space. The brass fitting into which is 

cut a strong screw thread, as shown in Fig. 4, is set directly 

in the face of the work table with its upper surface flush 

with that of the table, and is held in place firmly by screws 

if the table-top is of wood, or by bolts 

and nuts if the table-top is of soapstone 

or other material which does not afford 

holding ground for ordinary screws. 

Iron rods of sizes and lengths suited 

to holding all sorts of apparatus, from 

the lighter forms used in elementary 

laboratory instruction to the heavier lecture apparatus, are 

cut with screws matching the thread of the brass fitting and 

may be set firmly in place as shown in the figures. The rods 

are of course interchangeable as occasion 

may require. When stripped of apparatus 

the rod takes up very little table space, but 

if a clear table is desired, it is easy to remove 

the rod by means of tongs kept at hand for 

the purpose in the laboratory tool-box. This 

^^^* ^' device is neat, inexpensive, and easily made 

by any worker in brass and iron. 

Steam Evaporator. > — A convenient, simple, and inexpensive 

form of individual steam-bowl is easily constructed in the 

form shown in Fig. 6 wherever steam connections are available. 

An ordinary glass funnel of suitable size is 

hung in an iron ring, for holding which the 

rod support previously described serves 

admirably. The stem of the funnel is cut 

off short and a T-tube is attached as shown, 

set in a short piece of rubber tubing, with 

the lower end of the vertical branch bent to 

make a water-trap, while the horizontal 

branch is connected with the steam supply. 

^^^' ^' A pipe to convey away the condensed water 

which overflows from the trap is a convenience, but in the 
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Funnels fitted with outlet tubes set in rubber stoppers, as 
shown in the figure, answer well for containing vessels, and 
the rod and socket device described above serves as a support 
for the apparatus. In the case of the particular apparatus 
which I have used the air was admitted to the atomizer 
under a pressure of about one-third of an atmosphere above 
the ordinary. 

Certain experiments made to determine whether ferric 
chloride or chromic acid might be used in the purifier instead 
of dilute nitric acid showed that the superficial effect of these 
reagents upon the extremely finely comminuted mercury 
prevents the reunion of the particles even when submitted 
to considerable pressure. When dilute nitric acid is employed 
no such difficulty arises. 



XIX 

ON CERTAIN POINTS IN THE INTERACTION 

OF POTASSIUM PERMANGANATE AND 

SULPHURIC ACID. 

By F. a. GOOCH ahd E. W. DANNEB.* 

In an article published some years ago by Jones f upon the 
action of reducing agents upon potassium permanganate the 
statement is made that in the interaction of oxalic acid and 
the permanganate in whatever way the conditions were varied 
— whether there was eicess of oxalic acid or of permanga- 
nate, whether the solutions were strong or dilute, whether 
acid was present or not — in every case oxygen was obtained 
as a product of the reaction. The action between the per- 
manganate and ferrous salts, in presence or absence of acids, 
in dilute or strong solutions, was said to yield oxygen simi- 
larly. In the discussion which followed the reading of this 
paper before the Chemical Society (London), some adverse 
comment seems to have been made.:]: 

More recently, § in developing his excellent volumetric 
methods for the estimation of tellurium, Brauner has noticed 
a similar effect in the action of potassium permanganate 
upon tellurous oxide dissolved in sulphuric acid, and has 
shown, further, that in this particular case the evolution of 
oxygen is proportional to the amount of sulphuric acid em- 
ployed, and that in working with alkaline solutions little 
evidence of such action appears. 

The production of permanganic acid, and secondarily of 
free oxygen and ozone, by the action of strong sulphuric acid 

* From the Am. Jour. Sci., xliv, 301. 
t Jour. Chem. Soc, xxxiii, 95. 
t Ber. Dtsch. chem. Gee., zl, 257. 
§ Jour. Chem. Soc, Ux, 238. 
10 
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upon a permanganate is one of the commonest of phenomena, 
and the formation of a precipitate, consisting largely of 
hydrated manganese dioxide, by the action of hot dilute sul- 
phuric acid upon the permanganate in aqueous solution is 
likewise well known. It seemed desirable to us, therefore, 
to study further the action of sulphuric acid of different 
strengths upon the permanganate in solution, with a view to 
determining how far such action may be responsible directly 
or indirectly for the liberation of free oxygen in oxidations 
brought about in the presence of the acid. In the first set of 
experiments directed to this end we determined the amount 
of potassium permanganate remaining after exposure to the 
action of sulphuric acid during different intervals of time 
and under varying conditions of strength and temperature. 
The permanganate was used in approximately decinormal 
solutions (3.16 grms. to the litre) the exact strength of 
which was determined relatively to an approximately deci- 
normal solution of oxalic acid. In fixing the standard small 
portions (usually 10 cm^ of the oxalic acid were diluted to 
a volume of 100 cm^ by means of sulphuric acid of two per 
cent strength by volume, the solution was heated to 70° C. 
or 80° C, and the permanganate was added as usual until 
the first permanent blush of color appeared. 

The general mode of proceeding in the test experiments 
was, in brief, to mix the solution of permanganate with the 
sulphuric acid (alwajrs previously diluted with an equal 
volume of water, and cooled) and, after the lapse of time 
indicated to add oxalic acid in quantity a little more than 
sufficient to bleach the entire amount of permanganate, warm 
to about 80° C, and titrate the residual oxalic acid by gradual 
addition of more permanganate. The difference between the 
amount of permanganate needed under the conditions to de- 
stroy the known amount of oxalic acid and that used in the 
determination of the standard should measure the oxygen 
lost by the permanganate under the action of the sulphuric 
acid. The results and details of these experiments are given 
below. 
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TABLB ] 


L 




1 




K.Mn,Ob 


Percentage of 
during action. 


Percentage of 


H,B04[1:1]. 


Water. 


Ind£lii<;r2al 


naed as com- 






aohitioii. 


pared with that 
required by theory. 


A. 


Treated immediately. 


cms 


cm* 


cms 






2 


8 


10 


10 


100 


4 


6 


10 


20 


100 


6 


4 


10 


30 


101.5 


8 


2 


10 


40 


101.6 


10 


. . 


10 


60 


101.9 


B. 


Treated after standing eight hooTB at ordinary temperature. 


2 


8 


10 


10 


99.7 


4 


6 


10 


20 


99.7 


6 


4 


10 


30 


101.8 


8 


2 


10 


40 


106.3 


10 


10 


60 


115.7 


1 


Treated after standing five days at ordinary temperature. 1 


2 


8 


10 


10 


104 


4 


6 


10 


20 


121.6 


6 


4 


10 


80 


149.7 


1 


2 


10 


40 


156.9 


10 




10 


60 


156.4 


1 


Treated after standing one and one-half hours at 80^ — 90^ C. 1 


2 


8 


10 


10 


101.8 1 


4 


6 


10 


20 


148.8 1 


6 


4 


10 


30 


135.9 1 


8 


2 


10 


40 


149.1 1 


10 


• • 


10 


60 


165.3 1 



It is manifest from an inspection of Table I that the de- 
composition of the permanganate increases directly in each 
series of experiments with the increase in the proportion of 
sulphuric acid, that the amount of decomposition is greater 
as the time of action is extended, and that increase of tem- 
perature heightens the change. We note in particular, for 
example, that the presence of ten per cent of [1 : 1] sulphuric 
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acid induces at the ordinary temperature no immediate de- 
composition of the permanganate, none in eight hours, and 
a breaking down amounting to four per cent in five days; 
and that the presence of fifty per cent of acid of the same 
strength occasions the decomposition of about two per cent 
at once, fifteen per cent in eight hours, and more than half 
the entire amount of permanganate in the course of five days. 
It is evident also that twenty per cent of the [1 : 1] acid 
produces no appreciable effect at ordinary temperatures and 
under exposures of a few hours only. The effect of heating 
the mixture of acid and permanganate to 80° C. for an hour 
and a half is closely comparable with that brought about by 
the five days' action at the ordinary temperature. 

In another series of similar experiments, the detailed record 
of which we omit as unnecessary, the absolute amounts of 
liquid and acid were increased while the proportion of the 
latter to the whole volume of the former was preserved. 
The volume of the liquid containing the acid and permanga- 
nate was fixed at 100 cm^ and the absolute amoimts of apid 
were taken five times as great as those used at corresponding 
points of the preceding series. The amounts of decomposi- 
tion observed in these experiments followed those of the first 
series so closely as to compel the conclusion that it is the 
proportion of acid present rather than the absolute amount 
which is chiefly influential in the decomposition of the per- 
manganate under given conditions. In still another series of 
experiments which differed from the last in the single point 
that the amount of permanganate used was increased five- 
fold, no appreciable differences in effect which might be traced 
to such extra use of permanganate were discoverable. 

It is, of course, possible, and even probable, that some 
decomposition of the permanganate by the sulphuric acid 
might be brought about after the addition of the oxalic acid 
during the warming of the mixture up to the temperature 
at which the oxalic acid and permanganate interact. The 
experiments of Table II were therefore undertaken to test 
this point. In them oxalic acid was replaced by a solution 
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of f erroDS sulphate in order to aeenre the remoYal of the 
residual permanganafepi at ordinaiy temperatures. The great- 
est care was taken to g^nard against atmosphetic oxidation 
during the cooise of the experiment. The solution of fer- 
rous sulphate was standardized before and after making the 
test experiments and found to be unchanged during the 
period of work. In the first five experiments of series B 
the proportions of acid and liquid of series A were pre- 
served while the absolute volumes were increased; in the 
last four experiments the range of variation in proportions 
was extended. 

TABLE n. 



H^4[l:13. 


Water. 


K]fii0«iB 


Ptt«Mita«eo( 
doriivaetiao. 


KlliiO««wd 
bjtbaory. 






A. 








Treated at once. 




cms 


CDS 


CDS 






2 


8 


10 


10 


100 


4 


6 


10 


20 


100^ 


6 


4 


10 


30 


100.1 


8 


2 


10 


40 


100.1 


10 




10 


60 


100.8 






R 








Treated at once. 




10 


80 


10 


10 


100.1 


20 


70 


10 


SO 


100.1 


do 


60 


10 


80 


100 


40 


60 


10 


40 


100.6 


60 


40 


10 


60 


101.8 


60 


80 


10 


00 


103 


70 


20 


10 


70 


106 


80 


10 


10 


80 


103.8 


90 


• • 


10 


90 


108.1 



The results of these experiments indicate, as was antici- 
pated, that rather less decomposition of permanganate is 
caused by the sulphuric acid when the reduction of the 
residual permanganate is effected at ordinary temperatures. 
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The increase in the amount of decomposition as the propor- 
tions of sulphuric acid [1 : 1] present are pushed beyond fifty 
per cent of the liquid is striking. 

We have studied these same phenomena still further, vary- 
ing, however, the mode of proceeding so as to observe and 
measure the gas evolved from the liquid as Jones* and 
Brauner* did in their individual investigations of the evo- 
lution of oxygen during oxidations. In these experiments 
tubes of suitable size and length, holding from 100 cm* to 
200 cm*, were sealed at one end, filled completely with the 
mixtures of acid and permanganate, inverted, and allowed to 
stand with the lower and open end submerged in liquid of 
the exact composition of that which filled them. The details 
and results of these experiments are recorded in Table lEL 

TABLE in. 





A. 




B. 


Time 


H,804[l : 1] = 60 per cent 


H^04[l:l] 


= 26 per cent. 


eUpwd. 












GMfrom 
100 om» 


Appeannoe. 


Gas from 
100 cm> 


Appeenmoe. 




cm* 








5 min. 


0.1 


No change. 


Small bubble. 


No change. 


1 hour. 


1.1 


No change. 






Iday. 


14 


Red brown. 


cm> 




3 days. 


15.8 


Light brown. 


9.6 


j Reddish purple. 
\ Turbid. 


4 " 


15.6 


it it 




7 " 


. . . 


Brown, turbid. 




( Reddish pink. 
^Clearing by pre- 


8 " 


1A 


j Clearing by precipi- 
] tation. 


15.1 


lU 




( cipitation. 


16 " 


17.3 


Clear, straw-colored. 


18 


Nearly clear. 


17 " 


17.4 


tt «« « 






35 " 


17.5 


« (( II 


18.4 


5 Clear and color- 
{ less. 




0. 




D. 




HJM)4[1:1] = 12.5 per cent. 


H,8b4[l:l] 


= 6.26 per oent 


Ihour. 


SmaU bubble. 


No change. 


Small bubble. 


No change. 


Iday. 


Babble. 


It tt" 


Bubble. 


M M 


8 days. 


Bubble larger. 


« « 


Bubble larger. 


tt It 


14 " 


7.1 cm* 


Color lighter. 


1 cm* 


M tt 


87 « 


11 " 


tt tt 


3 •• 


tt tt 


44 " 


12 " 


tt ft 


5 " 


Little change. 



* Loc. cit 
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The fall amount of permanganate present in 100 cm' of 
each mixture should, if reduced to the lowest condition of 
oxidation, be capable of liberating about 28.6 cm' of oxygen, 
and every cubic centimeter of gas collected corresponds to 
3.5 per cent of the entire quantity of available oxygen. In 
comparing the amount of gas liberated at once by 50 per 
cent sulphuric acid [1 : 1] (Table III, A) with the amount of 
reduction of the permanganate indicated under similar con- 
ditions (Table I, A) it appears that less than one-fifth (0.35 
per cent) of the available oxygen of the permanganate which 
disappears in the action escapes solution and appears in free 
form. When, however, the comparison is made between 
the amount of gas liberated after four or five days (about 55 
per cent of the total available oxygen) and the amount of 
reduction of the permanganate during a similar interval 
(Table I, C) the agreement is fairly close — within one or 
two per cent — the proportion of oxygen which goes to satu- 
rate the liquid being small relatively to the large absolute 
amount. It would seem to be evident that during this 
interval the breaking up of the permanganate resulted chiefly 
in its reduction to the lowest form of oxidation. After the 
seventh day in Exp. A, when a precipitate began to appear, 
comparatively little oxygen was set free; and on the thirty- 
fifth day, when the precipitation had ceased and the remain- 
ing liquid was straw-colored the amount of gas coUected 
corresponded to about 61 per cent of the available oxygen of 
the permanganate. The remaining 39 per cent must have 
gone with the precipitated oxide or have remained in solu- 
tion as a higher sulphate. That but little of the higher 
sulphate did remain, however, is shown by comparison of A 
with B, in which after thirty-five days the liquid was entirely 
bleached. The gas finally set free in B mounted to 64.4 per 
cent of the available oxygen of the permanganate, and the 
remainder, 35.6 per cent, would be enough to throw down 
about 90 per cent of the entire amount of manganese in the 
permanganate in the degree of oxidation of MnOs. It is 
noteworthy that the stronger acid, 50 per cent \1 : 1], still 



152 



INTERACTION OF POTASSIUM 



held some of the higher oxide in solution until the end, and 
that the acid of 25 per cent [1 : 1] allowed the decomposition 
to pass to completion in thirty-five days, while the smaller 
amounts of acid, 12.6 per cent [1 : 1] and 6.25 per cent 
[1 : 1], brought about in forty-four days' decomposition 
amounting to 42 per cent and 17.5 per cent respectively. 



TABLE IV. 



oentage 


limeelapaed. 


1 


ldA7- 


2dA7a. 


SdAja. 


4dA7a. 


SdAJB. 


10 


Color 
unchanged. 


Color 
unchanged. 


Color 
unchanged. 


Color 
unchanged. 

Slight 
sediment 


Color 
unchanged. 

Slight 
sediment 

Slight 
scum. 


103.6 


20 


Color 
unchanged. 


Color 
unchanged. 


Color 
unchanged. 


Color 
unchanged. 

Slight 
sediment 


Color 
unchanged. 

Slight 
sediment. 


107.4 


30 


Color 
unchanged. 


Color 
unchanged. 


Color 


Reddish 
tinge. 

Slight 
sediment 


Reddish 
tinge. 


106.9 


40 


Color 
unchanged. 


Color 
unchanged. 


Tinged with 
reddish 
brown. 


Reddish 
brown. 


Reddish 
brown. 


139.2 


60 


Color 
unchanged. 


Color 
unchanged. 


Reddish 
brown. 


Reddish 
brown. 


Red 
brown. 


167.4 


60 


Color 
redder. 


Color 
redder. 


Reddish 
brown. 


Sherry 
brown. 


Reddish 
olive. 


168.9 


70 


Color 
redder. 


Color 
redder. 


Sherry 
brown. 


Reddish 
olive. 


Reddish 
olive. 


161.1 



It seemed to be desirable in this connection to make the 
experiments detailed in Table IV, in which note is made of 
changes in color and formation of precipitates in 100 cm* 
portions of liquid containing 10 cm* of decinormal perman- 
ganate and varying proportions of acid, during five days' 
standing, the degree of decomposition of the permanganate 
being finally determined, as in the experiments of Tables I 
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question of the action of potassium permanganate during 
oxidations carried on in the presence of sulphuric acid is 
obvious; for, if the aqueous acid is able to liberate per- 
manganic acid in such proportions as to be spontaneously 
unstable, it is reasonable to presume that any reducing sub- 
stance present at the time of such action may, by virtue of 
its attractive action upon the oxygen of many more molecules 
of the permanganic acid than would be necessary to supply 
the exact amount needed for perfect oxidation, tend to 
increase the general instability of the already unstable 
molecules and so set up a far-reaching decomposition. It 
seems to us that these considerations throw some light upon 
the phenomena observed by Brauner* in the oxidation of 
tellurous oxide in presence of sulphuric acid; and the fact 
that the liberation of free oxygen in this special case is more 
noticeable than in the oxidation of ferrous salts or oxalic 
acid, for example, is explicable in the light of Brauner's 
observation that the attraction of tellurous oxide for oxygen 
is greatly inferior to that of these substances — not sufficient, 
in fact, to break up so unstable a substance as manganic sul- 
phate, which is at once reduced by ferrous salts or oxalic 
acid. The practical lesson to be drawn is the desirability of 
keeping the acid present in oxidations effected by the agency 
of permanganate at the lowest limit consistent with perfect 
oxidation. 

In Table V are recorded the results of a comparison made 
between Braimer's two excellent methods for the deter- 
mination of tellurous oxide by titration with potassium 
permanganate — the one in alkaline solution, the other in 
acid solution — in which the precaution suggested as to the 
restriction of the amount of acid which should be present 
was taken. The tellurous oxide used in these experiments 
was prepared from the so-called pure crystallized element by 
oxidation with nitric acid and the prepared and ignited 
oxide was dissolved in potassium hydroxide. 

In series A the alkaline solution of the oxide was diluted 

♦ Loc. cit. 
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to 100 cm^, potassium permanganate was added in excess, 
sulphuric acid [1 : 1] was introduced to an amount not ex- 
ceeding by more than 5 cm^ that needed for neutralization, 
oxalic acid was added in excess of the amount needed to 
destroy the manganic oxide and permanganate, the liquid 
was warmed to about 80° C, and the surplus of oxalic acid 
was titrated by permanganate. 

TABLE V. 



A. 




TeO, taken. 


TeO, found. 


Bnor. 


MeanErzor. 




grm. 


grm. 


gnn. 


gnn. 


0' 


0.1200 


0.1199 


0.0001- 


' 




(2) 


0.07S8 


0.0783 


0.0000 






(8) 


0.0931 
0.1100 


0.0938 
0.1116 


0.00074- 
0.0016+ 




0.0006+ 


16) 


0.0904 


0.0907 


0.0003-1- 






W 


0.1065 


0.1077 


0.0012-h 






B. 




TeO, taken. 


TeO, found. 


Bnor. 


MeanBrror. 




gnn. 


gnn. 


gnn. 


gnn. 


(1) 


0.0910 


0.0912 


0.0002+ 






(2) 


0.0910 


0.0908 


0.0002- 






8 


0.0911 


0.0922 


0.0011+ 




.o.oooa+ 


\v 


0.0918 


0.0918 


0.0000 




(^) 


0.0912 


0.0913 


0.0001+ 






6) 


0.0914 


0.0921 


0.0007+ 


J 





In series B the alkaline solution of the oxide was treated 
with sulphuric acid [1 : 1] until the precipitate first thrown 
down was just redissolved, and 1 cm^ of the^ same acid was 
added in excess. Permanganate was added in excess and 
oxalic acid in excess of the permanganate, the liquid was 
warmed, and titration by permanganate to the final reaction 
was completed as usual. In the calculation of the results 
the atomic weight of tellurium used by Brauner in his work * 
was adopted and the figures obtained correspond fairly well 

• Loc cit, p. 24a 
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(without the application of any correction) with theory based 
upon this assumption. Our purpose, however, was simply 
to test the agreement between titrations made in alkaline 
solution and those carried out in acid solution. 

The agreement between the indications of the two methods 
is evidently close, and it is suggestive that that error which 
is slightly the larger, and also in the direction indicative of 
larger expenditure of the permanganate in producing the 
effect sought, is found on the side of the determinations 
made in alkaline solution. 

As to the correlative question of the liberation of oxygen 
during oxidations by potassium permanganate in alkaline 
solution we have made no experiments, but experience (not 
detailed in this paper) in the collection of the gas liberated 
in oxidations effected in presence of acid leads us to distrust 
the evidence of such experiments unless the amount of gas 
liberated is considerable. While, on the one hand, small 
quantities of liberated gas may be so completely absorbed 
as not to appear free at all, it often transpires, on the other 
hand, that the simple admixture of unlike liquids — such, 
for example, as a solution of potassium permanganate with 
sulphuric of strength insufficient to liberate oxygen — may 
bring about a very appreciable liberation of dissolved gases. 
So far as appears, however, the proof of the liberation of 
oxygen in oxidations by potassium permanganate in alkaline 
solutions now rests upon evidence of that nature only. 



XX 

THE QUANTITATIVE DETERMINATION OF 
RUBIDIUM BY THE SPECTROSCOPE. 

By F. a. GOOCH ahd J. I. PHINNEY.* 

In a recent paper issued from this laboratory f the possi- 
bility of determining small amounts of potassium quantita- 
tively by means of the flame spectrum was demonstrated. 
The work which we are about to describe was performed in 
the endeavor to see how far similar methods might be appli- 
cable to the quantitative determination of rubidium. It was 
shown in the former work that hollow coils of platinum wire 
may be adjusted to hold definite amounts of liquid, and that, 
by taking care to plunge the coil while hot into the liquid 
and to remove it from the liquid with its axis inclined 
obliquely to the surface, it is possible to take up constant 
amounts through a long series of experiments. It thus 
becomes possible to bring definite amounts of any soluble 
substance into a flame to be viewed spectroscopically. The 
potassium salt best adapted to spectroscopic use proved to be 
the chloride, and it was found to be advantageous to dry the 
coils over a hot radiator before introducing them into the 
flame. A large Muencke burner gave the best sort of flame ; 
an ordinary single prism spectroscope provided with an ad- 
justable slit (the width of which we were able to fix by 
closing it upon wires of known diameter) and an observing 
telescope movable so that different portions of the spec- 
trum might be shut out at will, served suflSciently well for 
the work. The coils were made of No. 28 platinum wire 
(0.32 mm. in diameter) wound in about thirty turns to a 

♦ From Am. Jour. Sci., xliv, 392. 

t Gooch and Hart : Am. Jour. ScL, xlii, 448. Thii yolume, p. 92L 



158 QUANTITATIVE DETERMINATION OF 

spiral 1 cm. long by 2 mm. in diameter and twisted together 
at the ends to form a long handle. With the apparatus 
described it was found possible, under the most favorable 
conditions, to recognize the characteristic red line of the 
potassium spectrum when only ^^j^ mg. of potassium, in the 
form of the chloride, was brought to the flame. It appeared, 
furthermore, that a comparison of the brightness of two 
spectra produced in close succession could be made with all 
the accuracy to be anticipated in photometric measurements, 
and that therefore by gradual dilutions and successive test- 
ings a solution of potassium chloride of unknown strength 
could be brought to the point of containing as much potas- 
sium to the coil-full (and so, of course, to the cubic centi- 
meter or any other chosen volume) as a standard solution of 
known strength. By noting the final volume to which such 
an unknown solution was brought in the process of equaliz- 
ing its spectrum with that of the standard, its total contents 
in potassium was determined. In this manner the strength 
of solutions of pure potassium chloride proved determinable 
with accuracy, but when the effect of intermixing pure 
sodium chloride with the potassium salt was studied it tran- 
spired that the brilliance of the potassium spectrum was 
markedly increased by the presence of the sodium in the 
flame, the maximum increase, which amounted to twenty 
per cent, appearing when the ratio of sodium chloride to 
potassium reached 100 : 1. It was found, however, that the 
practical difficulty of determining potassium in presence of 
sodium could be largely overcome by taking the precaution 
to bring the test solution and the standard to apparent 
equality as regards the potassium line, then to bring the 
solutions to an equality in respect to the sodium line by 
addition of sodium chloride to the standard, and finally to 
readjust the volumes of test and standard until the potassium 
lines were again equal. The accuracy of the determination 
of the potassium is, however, in spite of the precaution, 
somewhat affected by the presence of sodium, — the error, 
though, sometimes falling as low as ^ mg. in 10 mg., rising 



RUBIDIUM BY THE SPECTROSCOPE. 169 

occasionally to 1 mg. in 15 mg. With the excellent gravi- 
metric method which we possess for the determination of 
potassium, recourse would, naturally, never be taken to the 
spectroscopic method except in cases where small absolute 
amounts are concerned, but in such cases the spectroscopic 
method may prove a convenience. 

In the work upon potassium the observations of the red 
line were made in the ordinary laboratory in diffused light, 
but preliminary experimentation upon the rubidium spectrum 
immediately developed the fact that the blue lines are better 
to work by in the case of this element, and that a dark room 
becomes a necessity. For the experiments to be described 
pure rubidium chloride was prepared by many fractional pre- 
cipitations by alcohol out of aqueous solutions, and in set- 
tling the question as to the coils which should be used the 
choice fell upon the size holding 0.02 grm. of water and 
made of the No. 28 wire, the superior stiffness of these and 
consequent constancy in capacity giving them the advantage 
over smaller coils of finer wire, though the latter are capable 
of bringing out greater sensitiveness of the reaction. We 
found, for example, that under the most favorable conditions 
as to height of flame and width of slit, 0.0002 mg. of rubid- 
ium chloride produced the blue lines at the last limit of 
visibility when the larger and heavier coil was in the flame ; 
with a coil holding 0.006 grm. of water and made of very 
fine wire, the more immediate volatilization of the chloride so 
increased the delicacy of the spectroscopic reaction that it 
was possible to see the lines from 0.00005 mg. of the salt. 
These figures serve as an indication of the possible delicacy 
of this method of producing spectra, but it should be re- 
membered that all eyes do not see the rubidium lines with 
equal ease. 

In experimenting with rubidium sulphate in place of the 
chloride the lighter coil appeared to lose its advantage in 
point of delicacy of the indication over the larger coil, pos- 
sibly because the amount of metal introduced into the flame 
has less influence upon the rate of vaporization of the less 
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volatile sulphate, and the lines of the sulphate appeared 
equally distinct and of longer duration than those of the 
chloride; but while we judged the sulphate to be rather 
preferable in qualitative work, our earlier preliminary quan- 
titative experiments led us to abandon it for the purposes of 
our investigation on account of the great uniformity in the 
lines yielded by the chloride. We found it desirable in 
comparative tests of brightness to employ as the standard 
the lines given by amounts of the chloride not exceeding 
0.0005 mg. to 0.0007 mg., to set the slit at a width of 
0.2 mm., and to bring the coils to the flame in sets of three 
— the first, usually a standard, serving to fix the position of 
the lines so that the comparative distinctness of the lines 
given by the other two might be the more readily deter- 
mined. The tables below contain the record of an attempt 
to dilute a solution of the pure chloride to the strength of 
the standard solution under the guidance of comparative 
tests of the brilliance of the spectral lines yielded by the 
residue left upon the wires after the evaporation of the 
solutions taken up by coils of equivalent capacity. Dilu- 

EXPERIMENT L 



Standard. 


Teat (known to 


Line of test 


Rubidimnina 


contain 10 mg. Kb.). 


compared with 


ooU-foU (^ omS). 


Volume in cm*. 


■tandaid. 


mg. 


cm* 




0.0005 


200 


Brighter. 


0.0005 


800 


Brighter. 


0.0005 


850 


Brighter. 


0.0005 


870 


Brighter. 


0.0005 


890 


Brighter. 




400) 




r Brighter (faintly). 
Brighter (faintly). 


0.0005 


400[ 






400) 


1 


Doubtful. 


0.0005 


410) 




Brighter (faintly). 


410 J 




Weaker. 


0.0005 


420) 
420 J 




Equally bright 
Weaker. 


0.0005 


480 


InTisible. 1 


Found 410 


X 50 X 0.0005 = 10.25 mg. 


Taken . 


=10 " 


Error . 


= 0.25 " = 2.5 per cent 
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estimated amount of rubidium in the test-solution given 
by multiplying the volume in cubic centimeters by the 
number of coil-fulls in 1 cm® and the product by the 
amount of rubidium contained in a coil-full of the standard 
solution. 

These results make it plain that when the comparison is 
made between solutions of pure rubidium chloride the spec- 
troscopic method is capable of yielding fair approximations 
to truth. In the practical determination of rubidium, how- 
ever, the question of the effect of the presence of sodium and 
potassium which naturally accompany it is of importance. 
Attention was therefore turned next to the consideration of 
this point, and the record of observations as to the influence 
of sodium upon the brightness of the rubidium spectrum is 
contained in the accompanying tabular statement. 



Stftadard. 

Rubidium in a 

coU-fuU(^cmS). 



Test-aolution. 

Sodium in a 

ooil-fuU. 



Gompariaonof 

lines of test 

by pairs. 



Comparison of 

lines of test 
with standard. 



mg. 
0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 



mff. 
(0.00026 
: 0.00260 

; 0.00180 

0.00260 
0.00260 
0.00620 
0.00260 
0.00660 
0.00260 
' 0.00780 
0.00260 
0.01600 



Slightly brighter. ) 
Slightly fainter. ) 

[ Equally bright. 

[ Equally bright. 

Brighter. ) 
Fainter. ) 
Brighter. J 
Fainter. ) 
Brighter. 
Invisible on ac- 
count of glare. 



Brighter. 
Brighter. 
Brighter. 
Brighter. 

Brighter. 

Brighter. 
Invisible. 



It appears that within limits the presence of sodium in the 
flame increases the brilliance of the rubidium spectrum. 
The brightness of the lines is raised under the conditions 
to a maximum by the presence of sodium to forty per cent 
of the weight of the rubidium, and increase in the amount of 
sodium does not further influence the brightness of the lines 
until the proportion of sodium to rubidium is as ten to one ; 
or, speaking broadly, the difference between the dissociating 
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action of sodium upon the mfaidiam chloride (to which we 
attribute the effect noted) does not appear to be materially 
different whether one or a score of molecules of sodium chlo- 
ride are present to one of the rubidium chloride. But when 
the proportion of sodium to rubidium much exceeds ten to 
one the glare of light diffused through the entire spectrum 
(though the sodium line itself may be cut off) begins to affect 
tiie vision, and as the increase advances ultimately extin- 
guishes the rubidium lines utterly. The degree of increase 
in brilliance when the lines are at a maximum was deter- 
mined by diluting the test-solution until a coil-full gave a 
line equally brilliant with that of the standard. 



BiiUdiinaiiiaooa.fiiU 
(A cm*). 


Test-^olatioD. 

Babidhiminaooil.(an 

with A of its weight 

of aodiom. 


Line of teat oompwed 
withatuidard. 


tag. 
0.00066 
0.00066 
0.00066 
0.00066 


tag. 
0.00066 
0.00018 
0.00046 
0.00044 


Brighter. 
Brighter. 
Brighter. 
EquaUj bright. 



It is plain that at the maximum degree of brilliance the 
sodium is responsible for an increase of fifty per cent in the 
brightness of the lines. 

The details of similar experiments in which potassium chlo- 
ride was introduced into the flame with the pure rubidium 
chloride are given in the following tabular statement. 

From these results it appears that the presence of potas- 
sium produces an effect upon the rubidium lines similar to 
that of sodium; and, furthermore, the addition of 0.0004 mg. 
of potassium in the form of chloride to 0.00066 mg. of rubid- 
ium also in the form of chloride brings out the maximum 
brightness which is not materially changed by further addi- 
tion of potassium up to about 0.0013 mg., but that the 
increase of the potassium to 0.0034 mg. results in diminution 
of brightness. In other words, it seems that a single mole- 
cule of potassium chloride has approximately the same dis- 
sociating effect upon the molecule of rubidium chloride in 
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Btandard. 

Bubidium in a 

ooil.fiiU(^cmS). 


TertHMlntion. 

PotMdumina 

ooU-fuU. 


OomiMuriflon of linM of 
test tdua by piOn. 


Compariaon of UnM of 
test with rtandard. 


mg. 
0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

0.00066 




0.00020 

0.00040 

0.00020 

0.00840 

0.00040) 

0.00066 f 

0.00040 

0.00340 

0.00066) 

0.00132 ] 

0.00066 

0.00346 

0.00066 

0.00660 

0.00066 

0.01320 

0.00066 

0.02000 

0.00066 

0.02660 

0.00066 

0.03340 

000066 

0.08340 


Slightly fainter. ) 
SUghtly brighter. J 
Fainter. ) 
Brighter. S 

Equally bright. 

Brighter. ) 
Fainter. ) 

Equally bright. 

Brighter. ) 

Fainter. \ 

Brighter. ) 

Fainter. ( 

Brighter. ) 

Fainter. J 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

InviBible. 


Brighter. 
Brighter. 
Brighter. 
Brighter. 
Brighter. 
Brighter. 
Brighter. 

Brighter. 

Brighter. 
Equally bright. 
Bnghter. 
Equally bright 
Brighter. 
Equally bright. 
Brighter. 
InrisiUe. 



the flame as that brought about by a greater number, that 
the presence of potassium in the proportion of five parts to 
one of the rubidium begins to influence visibility unfavor- 
ably, that when this proportion rises to thirty to one of the 
elements (or twenty to one of the chlorides) tlie lines appear 
about as distinctly as if no potassium were present, and that 
an increase of proportion to fifty to one may bring about a 
sufficient glare of light to reduce the rubidium lines to. in- 
visibility. The degree of increase in brilliance due to the 
action of potassium when that element is present in propor- 
tions suitable to induce the maximum effect is shown in the 
following record. 

It appears that the presence of 0.00044 mg. of potassium 
is capable of increasing the brilliance of the lines jdelded by 
0.00044 mg. of rubidium to an equality with the lines given 
by 0.00066 mg. of the pure salt; or, that the maximum 
increase of brightness amounts to fifty per cent. 
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Standard. 

Rubidium in a 

coil-full (A oms.) 


Teit-aolutiao. 
Babldiuminaooa.faU 

of potaarinm. 


line of test 

compared with 

standard. 


mg. 
0.00066 
0.00066 
0.00066 
0.00066 
0.00066 
0.00066 


0.00066 
0.00064 
0.00067 
0.00049 
0.00044 
0.00040 


Brighter. 

Brighter. 

Brighter. 

Brighter. 

Equally bright. 

Faint. 



It is evident, therefore, that means must be found to effect 
the separation of the rubidium from sodium and potassium, 
or of bringing test and standard to the same condition as 
regards the presence of these elements, before any reasonable 
degree of accuracy can be expected in the spectroscopic 
determination of rubidium as it ordinarily occurs in nature. 
The separation from sodium is easily accomplished by the 
conversion of the salts to the form of chloroplatinates ; but 
for the quantitative separation of rubidium from potassium 
there is no good method known. The question as to the 
practical value of the spectroscopic reaction of rubidium for 
purposes of approximative quantitative analysis resolves it- 
self into the problem as to whether by matching potassium 
lines as well as the rubidium lines (following the method 
outlined in the determination of potassium in presence of 
sodium), and so bringing the lines of test and standard 
equally under the influence of potassium, it is possible to 
make the comparison between the rubidium lines trustworthy. 
It was shown in the former paper that in matching solutions 
of potassium by means of the red line there is no diflSculty; 
but the convenience of being able to use the spectroscope 
without readjustment throughout the entire experiment made 
it desirable to see whether the blue line of potassium might 
not serve sufficiently well in the comparison. It is hardly 
necessary to reproduce here in detail the evidence bearing 
upon this point, but we found as the result that the potassium 
may be determined by the use of the blue line with an error 
amounting to 10 per cent or 20 per cent, which, though far 
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greater than that inherent in the use of the red line, admits 
of the attainment of determinations which should be accurate 
enough for the present pui-pose. We proceeded, therefore, 
to make a determination of rubidium in presence of potas- 
sium by the process referred to, the details of which are 
given in Experiment IV. 

It is evident that the percentage error is considerable, but 
inasmuch as the application of the process would naturally 
be to the determination of small absolute amounts of rubid- 
ium we thought it desirable to go a step further to see 
whether means are at hand for separating large amounts of 
potassium from small amounts of rubidium with an approach 





EXPERIMENT 


IV. 




( 0.0006 mff. rubidium ) 
Standard solution containing ^ q qq^^ „ potassium ) ^ *^® coil-ftilL 

Test solution contained 8 mg. rubidium and no potassium. 


Stepl. 


Step 2. 


Steps. 


Step 4. 


Step 5. 


Prelimixiaiy tert 
forRb. 


Proliminary 

mAtcUng of K 

line. 


l^mfttAhlng of 

Bbline. 


Readjofltment of 
Kline. 


Ffrnd matchfag 
of Bbline. 


Testat20cm» 
ffave Rb line 
Uke standard. 


Test at 20 cm» 
gave K line like 
standard when 
1 mg. of K had 
been added. 


Testat36cm» 
gave Rb lines 
like standard. 


Test at 36 cm» 
gave Kline like 
standard when 
2 mg. were 
present. 


Testat86cm> 
gave Rb line 
like standard. 


Rubid 


ium found 36 X 50 X 0.0006 = 
taken — 


0.876 mg. 
0.8 '* 


Error 




0.075 " — 9.4 pfii* '♦^tit 











sufficiently near to completeness to bring the potassium pres- 
ent within the limits allowed by the spectroscopic method. 
After some experimentation we fixed upon the simplest pos- 
sible procedure, viz. : the solution of the salts in the least 
possible amount of water, precipitation of the mass of potas- 
sium chloride by addition of alcohol, filtration, and the evap- 
oration of the filtrate. In Experiments V, VI, VII, this 
mode of working was put to the proof. The amounts of 
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mbidium indicated were dissolved in the form of the chloride 
in water, 0.1 grm. of potassium chloride was added, and the 
solution was evaporated and treated as described. 





in the form of 
chloride. 


in the form of 
chlorida. 


BnUdinm 
foond. 


Abeotuto 
error. 


Srror. 


V. 
VL 

vn. 


tag. 

1 
2 

1 


grm. 
0.1 
0.1 
0.1 


mg. 
0.S 
1.7 
0.9 


mg. 
0.2 
0.8 
0.1 


percent. 
20 
15 
10 



The error of the process is manifestly large, and only 
roughly approximate results can be hoped for when large 
amounts of rubidium are dealt with; but if the question 
is the estimation of only a few milligrams of rubidium, it 
will appear, we think, in view of the fact that the only 
alternative is an indirect process, that even this great error 
is not absolutely prohibitive of what may be called fair 
determinations. 



XXI 

A METHOD FOR THE QUANTITATIVE SEPAEATION 
OF BARIUM FROM STRONTIUM BY THE ACTION 
OF AMYL ALCOHOL ON THE BROMIDES. 

By PHILIP E. BROWNING.* 

The existing methods upon which dependence can be placed 
in the separation of barium from strontium are few in number. 
R. Fresenius in discussing them through several numbers of 
his journal t concludes that the only one which gives perfectly 
reliable results consists of the precipitation of the barium by 
a double treatment with ammonium chromate in acetic acid 
solution. Having demonstrated the possibility of separating 
both barium and strontiiun from calcium by the dehydrating 
and appropriate solvent action of boiling amyl alcohol on the 
nitrates J the possibility of a similar method of separation by 
the use of suitable salts of bariiun and strontimn seemed 
worthy of investigation and necessary to complete the series 
as applied to this group. In looking about for suitable salts 
upon which to experiment, the behavior of the chlorides was 
suggestive. Bariiun chloride is completely insoluble in amyl 
alcohol, while the corresponding strontium salt is somewhat 
soluble. The possibility of finding strontium bromide more 
readily soluble than the corresponding chloride seemed worthy 
of attention. The method of preparation followed was the 
treatment of the precipitated and thoroughly washed car- 
bonates of barium and strontium with hydrobromic acid 
prepared § by mixing definite proportions of potassium bromide 

* From Am. Jour. Sci., xliv, 459. 

t Zeitschr. anal. Chem., xxix, 20, 143, 413. 

t Am. Jour. Sci., xliii, 60, 314. This volume, pp. 107, 116. 

§ Proc. Amer. Acad., xvii, 80, 
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in solutions with sulphuric acid and water while hot, filtering 
off the potassium sulphate which separates on cooling, and 
redistiUing the filtrate until the distillate contains no appreci- 
able trace of sulphuric acid. The standards of the solutions 
of barium and strontium bromides made in this way were 
determined by precipitating definite portions, measured and 
weighed, witii sulphuric acid, — the strontium after the 
accepted method of adding ethyl alcohol to increase the 
insolubility and the barium after the manner suggested by 
Mar,* precipitating with an excess of sulphuric acid in the 
presence of hydrochloric acid. The mean of closely agreeing 
results was taken as the standard. Preliminary experiments 
on the bromides formed in this way gave encouraging results, 
the barium salt appearing to be almost completely insoluble 
while the strontium salt dissolved freely. The first series of 
experiments were directed toward a quantitative determination 
of the solubility of barium bromide in the alcohol. Definite 
portions of the standardized solution of bariiun bromide were 
measured from a burette into counterpoised beakers of about 
60 cm^ capacity and weighed as a check on the burette reading. 
This solution was then evaporated to dryness, and the residue 
was dissolved in a few drops of water and boiled with 10 cm® 
of amyl alcohol. The separating bromide was filtered off on 
an asbestos felt contained in a perforated platinum crucible, 
the whole having been previously ignited and weighed. The 
crucible containing the bromide was at first dried at 140®— 
160° C. in an air bath after the manner described in the 
previous papers, and weighed. The unsuccessful attempt 
to get a constant weight, however, proved the impossibility 
of weighing as bromide, the weight decreasing rapidly witii 
each successive drying. It was deemed best, accordingly, to 
dissolve the bromide from the felt into a beaker placed to 
receive it, and to precipitate with sulphuric acid in the 
presence of hydrochloric acid, after the same manner followed 
in the determinations of the standards. The precipitated 
sulphate, which in a few minutes settles completely, was 
* Am. Jour. Sci., xli, 288. This volume, p. 63. 
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filtered off upon the same felt from which the bromide had 
been dissolved, dried, ignited to low redness, and weighed. 
Series I gives the results of several experiments made after 
this manner which show the solubility of the barium salt to 
be about 0.0018 grm. on the oxide in 10 cm* of amyl alcohoL 
The filtrate after boiling with amyl alcohol was evaporated 
and the residue was treated with sulphuric acid and weighed ; 
or the filtrate was precipitated directly by dilute sulphuric 
acid, enough ethyl alcohol being added to secure thorough 
mixture. The amount of sulphate found agreed imiformly 
with the loss determined in the residue after boiling. A 
portion of the salt which dissolved in the alcohol on being 
examined before the spectroscope gave only the green bands 
characteristic of barium. 

SERIES L 





BaO taken. 


BaO found. 


Error. 




grm. 


grm. 


grm. 


(2) 


0.1284 


0.1222 


0.0012- 


0.0824 


0.0809 


0.0016- 


(8) 


0.0823 


0.0809 


0.0014- 


14) 


0.0818 


0.0808 


0.0016- 


6 


0.0733 


0.0720 


0.0013- 



Several methods of treatment were followed to prevent if 
possible this solubility, such as the addition of a few drops 
of hydrobromic acid before boiling, of the same after the 
barium bromide had separated, of a few drops of ethylene 
dibromide or ethyl bromide at the completion of the boiling, 
of a few drops of bromine water before boiling, etc. The 
results of these experiments showed these modifications to be 
of little or no value. 

On boiling the strontium bromide with the alcohol slight 
spots separated occasionally, which on the addition of a drop 
of hydrobromic acid went into solution and did not appear on 
re-boiling. In order to determine the solubility of the stron- 
tium bromide in the alcohol a saturated solution was obtamed 
by boiling an excess of the strontium salt with the alcohol, the 
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salt in a measured portion of 10 cm' was precipitated as sul- 
phate by the addition of ethyl alcohol and sulphuric acid, and 
weighed. Duplicate determination showed the solubility to 
be about 0.2 gram on the oxide in 10 cm' of the alcohol. The 
mode of procedure for the separation of these elements was 
identical with that already described in the case of barium alone 
up to the point at which the barium was filtered off, except, of 
course, the addition at first of a measured and weighed amount 
of a previously standardized solution of strontium bromide. 
The strontium was precipitated from the filtrate as sulphate 
by dilute sulphuric acid, ethyl alcohol being added to secure 
thorough mixture. These precipitates were generally filtered 
off upon asbestos felts, although their gelatinous character de- 
layed the filtration somewhat, and thus the drying and burning 
of a filter paper with the possible danger of loss by reduction 
in the presence of burning paper was avoided. Series II gives 
the results of a single treatment, and it will be seen that there 
is apparentiy a slight contamination of the barium by the 
strontium which where the latter is present in large quantities 
balances the solubility of the barium (0.0013 grm. on the 
oxide). Where the amounts of strontiiun taken are small 
the loss of barium due to solubility appears. 









SERIES IL 








BaOtaketi. 


BaO found. 


Srrori 




SrO foTOid. 






Itrm* 


gruL ' 


grm. 


grm. 


grm. 


gna. 


(1) 


0.1228 


0.1225 


0.0003^ 


0.1070 


0.1065 


0.0006- 


(2) 


0.1327 


0.1231 


0.0004^- 


0.1074 


0.1069 


00006- 


8! 


0J2Si 


0.1228 


0.0004+ 


0.1070 


0.1067 


0.0003- 


0.1217 


OJSOl 


0.0016^ 


0,03M 


0.0372 


0.0006+ ' 


(5) 


0.1216 


01222 


0.0006+ 


0,01^3 


0.1124 


0.0000- 


m 


0.0974 


0.0970 


0.0004^ 


0.0719 


0.0721 


QJ&OO/^ 


(7) 


0^(J971 


0.0973 


0.0UO2+ 


0.0780 


0.0727 


0.0008- 


(8) 


0.0970 


O.OfifTi 


0.0001+ 


00718 


0.0716 


0.0002- 


{ft) 


oxmi 


O^OvSOO 


0.0021- 


0.0306 


0.08g& 


O.0OIKH- 


(10) 


0.0243 


0.02^4 


0.0009- 


0.1072 


0.1072 


0.0000 



Series III gives the result of a double treatment. In this 
series the contaminating effect of the strontium salt disappears 
almost entirely, leaving a deficiency of about 0.0025 grm. on 
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the oxide to be added to the baxium, and a corresponding 
amount of sulphate (0.0040 gnn.) to be subtracted from the 
strontiiun sulphate before calculating it to the condition of 
the oxide. The manipulation is the same as that outlined 
for the single treatment, as far as the completion of the first 
boiling. At this point the amyl alcohol containing most of 
the strontium in solution was decanted upon a weighed and 
ignited felt and collected in a beaker placed to receive it. 
The residue of barium with traces of .strontiiun was then 
dissolved in a few drops of water, a drop of hydrobromic acid 
was added, and the boiling was repeated with another portion 
of 10 cm^ of amyl alcohol. Upon reaching the boiling point 
of the alcohol the beaker was removed, and the barium salt 
was filtered upon the felt through which the first portion had 
been decanted, and treated as before described. 

SERIES UL 





BwOUken. 


BuO found 
(corHiflted). 


Error. 


firO takwi. 


SrO faima 
{coTTficted). 


Error. 


(1) 
id) 

M 

{8 


0.1212 
0.1215 
0.1220 
0.1212 
0.1219 
0.1211 
0.1S1Q 
0.0496 


gniL 
0J219 
0.1219 
0.1221 
0.1220 
0J221 
0.1218 
0.1319 
0.0402 


pro. 
0.0007+ 
0.0004+ 
0.0001+ 
0.0008+ 
0.0002+ 
0.0007+ 
0.0000 
0.0004- 


1 grm* 
0.10(JS 
0.0368 
0.0363 
0.0363 
0.0361 
0.1126 
0.0577 
0.0574 


0.1071 

0.0369 

0.0347 

0.036» 

0.0364 

0.1 lid : 

0.0586 

O.057& 


grm, 

0.000«+ 
0.0001+ 
0.0006- 
0.0005- 
0.0007- 
0.0010- 
0,0009+ 
0.0006+ 



The method is rapid, and while the correction to be applied 
owing to the solubiUty of the barium salt is large, it is so 
definite that it cannot be objectionable. 



XXII 

ON THE DETERMINATION OF IODINE IN 

HALOID SALTS BY THE ACTION OF 

ARSENIC ACID. 

By F. a. GOOCH awd P. E. BROWNING.* 

Thbee years ago wo demonstrated f the possibility of deter- 
mining iodine in mixtures of alkaline chlorides, bromides, and 
iodides, with rapidity and exactness, by taking advantage of 
the behavior of arsenic acid toward the haloid salts in presence 
of sulphuric acid of definite strength. We showed in brief, 
that when amounts of potassiiun iodide ranging from 0.005 
grm. to 0.5 grm. were dissolved in 100 cm* of water contain- 
ing 2 grm. dihydrogen potassium arseniate and 20 cm* of a 
mixture of sulphuric acid with water in equal volumes, the 
entire amount of iodine was expelled on boiling down the 
solution from 100 cm* to 85 cm* ; and further, that arsenic, 
reduced to the arsenious condition to an amount the exact 
equivalent of the iodine liberated, remained in solution and 
was determinable, after neutralization of the acid, in presence 
of an alkaline bicarbonate, by titration against standard iodine 
according to Mohr's classical method. We studied carefully 
the behavior of alkaline bromides and chlorides under identical 
conditions, and determined that 0.5 grm. of potassium bromide 
acted upon the mixture of arseniate and acid to the extent of 
reducing arsenic equivalent to 0.0008 grm. of iodine, and that 
0.5 grm. of sodium chloride did not reduce arsenic but did 
cause, under the conditions, a volatilization proportional to 
the amount of arsenious oxide present, the loss amounting at 
the most — when 0.56 grm. of the iodide was present to exert 
its reducing action upon the arsenic — to 0.0011 grm. We 

* From Am. Jour. Sci., zlv, 884. 

t Am. Jour. Sci., xudx, 188. This Tolnme, p. 1. 
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showed, furthermorQ, that these maximum errors, due to the 
action of bromides and chlorides, though not large and tending 
to neutralize one another when both bromides and chlorides 
are present, may be eliminated by the application of a nimieri- 
cal correction to the results whenever the amounts of bromide 
and chloride present become known. 

Recently Friedheim and Meyer * have recognized the value 
of our reaction and applied it to the elimination of iodine 
from mixtures of haloid salts. They have, however, taken 
issue with us (unadvisedly, as we think) as to matters of 
detail. They have, in the first place, put themselves upon 
record as being unable to titrate arsenious oxide by iodine in 
alkaline solution under the conditions of our process. They 
account for their failure by the wholly unsupported hypothesis 
that the iodine reaction is unavailable in presence of the 
amounts of salts present, and modify the treatment by distil- 
ling, collecting the iodine in the distillate, and determining it 
by the thiosulphate method, thus introducing complexity of 
apparatus and manipulation, and sacrificing the simplicity and 
rapidity which are chief advantages of our process. Had they 
read our paper with intelligent care it must have been evident 
that we had given special attention to the question of the 
influence of the salts present upon the iodine reaction; for we 
expressly stated that "due correction was made for the amount 
of iodine necessary to develop the test-color in a solution 
prepared and treated similarly in all respects to the experi- 
mental solutions excepting the introduction of the iodide — 
the correction amounting to a single drop more of the deci- 
normal iodine than was required to produce the end reaction 
in the same volume of pure water containing only the starch 
indicator." It is obvious that such errors as 0.008 to 0.006 
grm., which Friedheim and Meyer found even in the absence 
of bromides and chlorides, are not explicable by the action of 
the salts which we used. Our errors ranged under like 
conditions from 0.0009 grm. — to 0.0008 grm. +, with a mean 
error in nine determinations of 0.0002 grm. — . 
* Zeitschr. anorg. Chem., i, p. 407. 
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Everybody knows that the starch iodide test is most delicate 
in acid solutions and in presence of combined iodine, but 
Mohr's method of titrating arsenious oxide and iodine against 
one another in alkaline solution is sufficiently delicate for very 
exact work, provided only that the alkali in excess is in the 
form of the bicarbonate, that the starch emulsion is used in 
abundance, and that the voliunes of solutions titrated are 
regulated to low and uniform measure. In many determina- 
tions of iodine made by our method at different times and with 
different materials it has never been our ill-fortune to chance 
upon results so extraordinary as those of Friedheim and 
Meyer, though we have met in the course of our work with 
potassium arseniate so contaminated with nitrates as to be 
unfit for use and with alkaline hydroxides too impure to 
employ. Most analytical processes depend for their exactness 
upon the use of proper materials ; ours is no exception to the 
rule in this regard. 

As to the correctness of the main reaction there appears to 
be no difference of opinion between Friedheim and Meyer and 
ourselves. We have, therefore, taken the pains, perhaps 
unnecessarily, to make experiments in which the estimation 
of the iodine of the same identical portions is effected both in 
the distillate and in the residue, in order that the two modes 
of estimation may be brought into direct comparison. It is 
scarcely needful to add that we took care to work with pure 
reagents. The potassiiun iodide, like that which we employed 
in our former investigation, was prepared by acting with 
resublimed iodine upon an excess of iron wire, pouring off the 
solution from the iron when the color of iodine had vanished, 
adding iodine equal to one-third the amount of that originally 
used, pouring the filtered liquid into a boiling solution of the 
calculated equivalent of potassiimi carbonate (from the bicar- 
bonate), and filtering off the precipitated magnetic oxide of 
iron. The slightly alkali solution thus made, containing 
approximately 2 grm. of pot um iodide in 100 cm^ and free 
from chlorine id »niuie, .s standardized by precipitating 
the iodi us in the form of silver iodide 
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and weighing upon asbestos. The other reagents — the sul- 
phuric acid, the sodiiun hydroxide, the acid potassium carbon- 
ate, the dihydrogen potassium arseniate — when present in 
the proportions used in our process, and mixed with 6 cm* of 
clear starch solution prepared by Gastine's* formula (6 grm. 
starch, 0.01 Hglj, 1 litre of water) gave the starch blue with a 
single drop of decinormal iodine at all dilutions below 800 cm^ 
The results of these experiments are given in the following 
table. 





Iodine 


lodtiue 


Iodine 


todifift 








tftkvni]] 


f oimd In 


loiiad in 


fopnd in 




Errorin 




fonu of 


rMtdue by 


dlAtmjitti 




reddUQ. 


distilUto. 




EI. 


arar method. 


by AiHOi- 


N*AO., 








grm. 


gnu. 


grm. 


gnn. 


ffttH. 


gm. 


(1) 


0.4064 


0,4062 




. , 


0.0002- 


, 


0.4067 1 


0.4066 




. . 4 


0.0002- 


1 » . 


(3l 


0.4064 


0.4062 


> . ■ 


t > 1 


0.0002- 


* ' * 


w 


0.4054 


0.4062 


* . * 


r . . 


0.0002- 


. * 


5) 


0.4D42 


0.4046 


0.404(1 


. . . 


0.0004+ 


0.0004+ 


6) 


0,4060 


0.4062 


0.4040 


i , . 


0.0002+ 


0.0010- 


Iv 


0.4060 


0.406S 


. * ♦ 


0.4039 


0.0002+ 


0.0011- 


(S 


6.4068 


0.4062 


* * . 


0.4061 


0.0006^ 


0.0007- 


^ 


0.4Q&4 


0.4046 


* m , 


0.4061 


O.0OO8-- 


0.0008^ 


(10) 


0.4042 


0.4045 


M * * 


0.408D 


0.0004+ 


0.0003™ 


0.4066 


0.4052 


* ■ - 


0.4067 


o.oooa- 


0.0002+ 



Experiments (1) to (4) were made exactly in accordance with 
the directions of our former paper, the mixtures being simply 
boiled in an Erienmeyer flask, trapped to prevent mechanical 
loss by hanging in the neck of the flask, with the larger end 
downward, a straight, two-bulbed drying tube cut off so as to 
leave the larger tube about 4 cm. in length.f These four 
experiments all gave the same result, which differed from the 
theory by 0.0002 grm. — . The mixtures of the remaining 
experiments were treated in a flask connected with a cooled 
receiver and absorption tubes for condensing the distilled 
iodine (all joints being of glass and carefully ground), and 
carbon dioxide was passed through the apparatus in slow 
current to facilitate the transfer of iodine and quiet boiling. 



♦ Bull. Soc. Chim., 1. 172. 



t See Fig. 1, p. 12. 
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In experiments (6) and (6) the iodine was received in an 
alkaline solution of standard arsenious oxide, and titration was 
effected with standard iodine after addition of starch. The 
residue was treated by our method. It will be observed that 
the residues, which contain the large amounts of salts, yield 
results by titration practically identical with those obtained by 
treating the distillates which do not contain the large masses 
of salts. In experiments (7) to (11) the iodine distilled was 
received in potassium iodide and estimated by standard sodium 
thiosulphate, itself standardized against the iodine, whose value 
in terms of the standard arsenious oxide was also known. 
The residues were treated by our method. It is evident that 
the errors of both processes of treatment are reasonably small 
(respectively 0.0001 grm.— and 0.0004 grm.— in the average), 
with what difEerence there is in favor of our treatment of the 
residues. Our process is incomparably the more convenient 
and rapid. We do not doubt that Friedheim and Meyer could 
have obtained equally good results had they worked with pure 
reagents. 

Friedheim and Meyer disagree with us also as to the degree 
of concentration of the liquid necessary to insure the complete 
expulsion of iodine and as to the effect of the concentration 
upon bromides present, — points to which we gave particular 
attention in our former paper. We showed that, in general, 
upon boiling a mixture of iodide with sulphuric acid and the 
arseniate diluted with water, the amount of iodine removed 
depended upon the proportion of the sulphuric acid to the 
final volume of the whole liquid, it being plainly shown that 
even after the liquid had lost the color of free iodine in the 
process of concentration it was still possible to detect combined 
iodine. Further concentration and, to some extent, dilution 
and repetition of the concentration to the former point tend to 
set free the residual iodine. In experimenting upon the 
proportions of acid most convenient for the work we found 
that a solution made up to contain 0.6 grm. of potassium 
iodide, 2 grm. of dihydrogen potassium arseniate, and 20 cm^ 
of the sulphuric acid mixture (1 : 1 by volume) retained when 

12 
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boiled down to 40 cm* no determinable free iodine and but the 
faintest trace of combined iodine, while at 86 cm* the liquid 
was free from iodine in any form. Upon experimenting as to 
the behavior of mixtures of chlorides and iodides we found 
that 0.6 grm. of sodium chloride added to the mixture con- 
taining 0.6 grm. of the iodide occasioned at 40 cm* a maximum 
loss of arsenious chloride equivalent to 0.0004 grm. of the 
oxide, or to 0.0008 grm. at 30 cm* ; and that the loss, as a 
matter of course, is less as the amount of iodide present (and 
consequently the arsenious oxide formed) is diminished. We 
found that 0.6 grm. of potassium bromide treated in similar 
manner occasioned no loss of arsenious bromide, but did induce 
at 36 cm*, reduction of the arsenic acid amounting to, 0.0006 
grm. of iodine. Smaller amounts of bromide produced propor- 
tionately smaller effects, but concentration even a little below 
36 cm* was likely to be productive of serious error. We fixed 
upon 36 cm*, therefore, as the ideal concentration for removing 
iodine from unknown mixtures with chlorides and bromides, 
but expressly stated that failure to concentrate below 40 cm* 
introduces no appreciable error, while great care should be 
taken not to press the concentration below 36 cm* on account 
of the danger of bringing about the reduction of the arsenic 
by the bromide. 

Friedheim and Meyer contend that the reduction of volume 
under the conditions should not be pressed beyond 60 cm* at 
the most, and cite in proof experiments in which potassium 
bromide in amounts less than half as great as those which we 
used caused an error on concentration to 36 cm* equivalent to 
five or six milligrams of iodine. They recommend boiling 
from 160 cm* to 60 cm* to remove the iodine without disturb- 
ing bromine. Our former experiments are sufficiently definite 
upon these points. We have, however, determined directly 
and quantitatively the amounts of iodine remaining unexpelled 
when solutions are boiled from 160 cm* to 60 cm*, and found, 
in certain experiments, in which the additional iodine expelled 
in concentrating from 60 cm* to 36 cm* was collected in 
potassium iodide and estimated with sodium thiosulphate, that 
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about 0.0018 grm. remained when 0.6 grm. of potassium iodide 
was originally taken, and 0.0008 grm. when 0.26 grm. of the 
iodide was present at the first. It is evident, therefore, that 
concentration to 60 cm* is not sufficient when the maximimi 
amount of iodide may be present. We have also made certain 
experiments — recorded below — in which the bromine liberated 
at different degrees of concentration was collected in potassium 
iodide and estimated by the iodine set free. In our former 
work we inferred the loss of bromine from the effects upon the 
arsenic acid in the residues. In these experiments solutions 
of potassium bromide (free from iodine), with 20 cm* of 
sulphuric acid (1 : 1), and 2 grm. of dihydrogen potassium 
arseniate were boiled down in a flask connected by ground 
glass joints with a cooled receiver containing potassium iodide 
and the iodine set free was estimated by standard sodium 
thiosulphate. 



KBr taken. 


Initial 


Flnml 


Bromine in 


Tolome. 


Toloma* 


distillate. 


grm. 


cm' 


cm» 


grm. 




(160 


50 


trace. 


0.6 


) 60 


40 


trace. 




X 40 


35 


0.0004 




( ^ 


81 


0.0010 


0.5 


\ 81 


26 


0.0064 




/ 26 


28 


0.0072 




( 46 


40 


None. 


0.25 


\ 40 


81 


0.0004 




I 81 


27 


0.0010 


0.25 


60 


35 


0.0008 


0.1 


60 


80 


0.0008 



From these results, which confirm very closely those obtained 
by an examination of the residues and recorded in our former 
paper, it is evident that the concentration may go under the 
most unfavorable conditions — when the maximum amount of 
bromide is present — to 40 cm* without loss and to 36 cm* 
with small loss. As we stated in our former paper, concentra- 
tion below 35 cm* should be avoided. 

In our former paper we showed that the iodine could be 
determined in unknown mixtures of sodium chloride, potassium 
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bromide, and potassium iodide taken in amounts not exceeding 
1.6 grm, (in which, however, neither individual salt was 
present in amount exceeding 0.5 grm.) with a maximum error 
ranging from 0.0018 grm.— to 0.0016 grm.+. We showed, 
further, that when the amounts of chloride and bromide 
present were known also a correction for the action of 
these salts might be applied which would reduce the maximum 
errors to 0.0010 grm.— and 0.0008 grm.+, and give a mean 
error of 0.0001 grm.— for twentynsix determinations. 

In conclusion we affirm the correctness of our former work 
and reiterate our former directions without change. 



182 THE INFLUENCE OF ACIDS ON THE 

closely agreeing determinations was taken as the value of the 
standard solution. The mode of procedure in the testing 
was simple and may be outlined as follows : Into a counter- 
poised beaker a definite amount of the standardized solution 
of barium nitrate was drawn and the weight taken as before 
described, the amount of nitric acid to be used was then 
added, and the whole volume brought up to 90 cm® by the 
addition of water. This acid solution was then brought 
to the boiling point and 10 cm* of the dilute sulphuric acid 
added, and the whole was allowed to stand for the length of 
time shown by the table before filtering on asbestos, igniting 
and weighing. It will be seen that the total volume of 
liquid taken in each determination was uniformly 100 cm®, 
the percentage of acid by volimie being thus easily regulated. 
In no case did the amount of barium salt present exceed 
0.4 gm. considered as the sulphate, and consequently the 
uniform amount of 10 cm® of dilute (1 : 4 by volume) sul- 
phuric acid employed was always enough to assure the excess 
which Fresenius* has shown to be necessary in the precipita- 
tion of bariimi as the sulphate in the presence of hydrochloric 
acid. By reference to Series I it is evident tiiat in the 
presence of five per cent of nitric acid very little solvent 
action is shown, and it appears also that the sulphate may 
be safely filtered after an hour's time. In the presence of 
ten to fifteen per cent of the acid the solvent effect is very 
small when the solution is allowed to stand six hours or 
more. With twenty to twenty-five per cent of acid present 
we find the solubility to be slightly increased, but even then 
the average loss is less than 0.001 grm. 

Having shown that free nitric acid even though present in 
considerable amount has only a slight solvent influence upon 
barium sulphate, it seemed interesting to try the effect of 
the combination of nitric and hydrochloric acids mixed in 
the proportion to form aqua regia (3HC1 : IHNOs). The 
experiments recorded in Series II show that aqua regia has 
even less effect as a solvent than nitric acid alone. In fact 

* Zeitschr. anal. Chem., xxz, 465. 
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it seems to act like hydrcx^hloric acid alone, which practically 

has no solvent effect, as shown by Mar's work previously 

cited. 

SERIES L 
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Error tn 



of 



TtmabcK 

cipi^Uoa 
uidtUtn- 



P«r cent 
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Total 
Toluioa. 



P 



0.2&4D 
0.2489 
0.24B5 
0.2492 
0.243fi 
0.2490 
0.25&5 
0.2d3S 



0.2483 
a248g 
0.2482 
0.2483 
0.2490 
0.2646 
0.25S4 



0.0004^ 
0.00O6- 
0.0006- 
0.0010- 

coooa- 

0.0000 

0.0009- 

0.0004- 



0.0006- 



0.0002- 
0.0005- 



bottn. 
12 
12 
12 
12 

6 

6 

1 

1 
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100 
100 
100 
100 
100 
lOO 
100 



10) 

11) 

12) 

n 

17 



18 

10) 

(20) 

21) 

Im 
m) 

24) 

m) 

27 



0.4OQ7 
0.2540 

0.2102 
0.2193 

0.2494 
0.2402 
0.2490 
0.2489 
0.2540 



0.4067 
0.2633 
0.24B9 
0.2488 
0.246S 
0.2492 
0.2489 
0.24^ 
0.2624 



0.2629 


0.2615 


0.2634 


0.2622 


0.2633 


0.2631 


0.2633 


0.2532 


0.2497 


0.2490 


0.2489 


0.2487 


0.2642 


0.2628 


0.2486 


0^80 


0.2492 


0,2487 


0.2647 


0.2632 



0.0010- 
0.0007- 
0,0003- 
0,0006- 

o.oooe- 

0.0000 

o,oooi- 

00006- 
0.001&™ 



0.0014- 
0.0012- 

o.oooa- 

0.0006^ 

0.0007- 

0.0002- 

0.0014™ 

0.0000 

0,0005- 

0.0016^ 



0.0006- 



^0.0002- 
0.001S^ 






0.0007- 
O.OOOfr- 

aooifr- 



12 

12 

12 

12 

12 

6 

6 

6 

1 



12 
12 
12 
12 
12 
12 
6 

e 

6 
6 



10 
10 
10 
10 
10 
10 
10 
10 
10 



15 

16 
15 
16 
15 
15 
15 
15 
16 
16 



100 
lOO 
100 
100 
100 
100 
100 
100 
100 



100 
100 
100 
100 
100 

100 

100 
100 
100 
100 



(28) 

h^) 

(30 
31 
32) 
33] 
34' 

(36) 



0.2489 
0.2486 
0.2648 
0.2548 
0.2496 
0.2639 
0.248S 
0/2497 



0.2478 
0.2475 
0.2540 
0.2642 
0.2486 
0.2627 
0.2475 
0.2497 



0.0011- 

o.oon- 

O.0OOS- 

0.0000- 

0.0010- 
0.0012^ 
0,0013- 
0.0000 



0.0008- 



a 



OOOS^ 



12 
U 

12 
12 
12 

e 

6 
6 



20 

20 
20 
20 
20 
20 
^ 
20 



100 

100 
100 
100 
100 
100 
100 

100 



(36) 
(37) 
(38) 
|39) 
(40 
(41) 
(42 
(43 



0.2486 
0.24{H 
0.2494 
0.2638 
0.2492 
0.2487 
0.3414 
0.2489 
0.2486 



0.2477 
0.2490 
0.2484 
02535 
0.2484 
0.2471 
0.3407 
0.2481 
0.2478 



0.0009- 
0.0001- 
0.0010^ 
0.0003" 
0.0008^ 
0.0016-* 
0,0007- 
0.0008- 
0.0007-- 



^ 0,0008- 



0.0007- 



12 
12 
12 
12 
12 
12 
13 
6 
6 



26 
26 
25 
25 
25 
25 
25 
25 
26 



100 
100 
100 
100 
100 
100 
100 
100 
100 



184 



THE INFLUENCE OF ACIDS ON THE 



SERIES IL 





ilfl 








it 


P»roentby 


j 




BaSO. 

found. 


terms of 
B«80« 


ATtngM. 


TdlUBMOfBtlOng 


1 




gnn. 


grm. 


grm. 


grm* 


hoon. 


(8H01:lHN0a>. 


cm* 


0) 


0.2689 


0.2684 


0.0006- ) 




12 


6 


100 


<2) 


0.2640 


0.2638 


0.0002- V 


0.0002- 


12 




100 


(3) 


0.2490 


0.2490 


0.0000 ) 




. 12 




100 


U 


a2491 


0.2492 


0.0001-h ) 




12 




100 


(6) 
(6) 


0.2488 


0.2484 


0.0004- S 


0.0001- 


6 




100 


0.8419 


0.8421 


0.0002-h ) 




6 




100 


(7) 


0.2491 


0.2487 


0.0004-1 






12 


10 


100 


8) 


0.2486 


0.2482 


0.0004- 




0.0006- 


12 


10 


100 


9) 


0.2649 


0.2639 


0.0010- 




12 


10 


100 


(10 
(11) 


0.2648 


0.2688 


0.000^ 






12 


10 


100 


02487 


0.2486 


0.0002- 




0.0002- 


6 


10 


100 


(12) 


0.8416 


0.3416 


0.0001- 




6 


10 


100 


(13) 


0.3417 


0.8420 


0.0003-h 


0.0008+ 


1 


10 


100 


(14) 
(16) 


0.2647 


0.2644 


0.0003-1 






12 


16 


100 


0.2492 


0.2492 


0.0000 




0.0003- 


12 


16 


100 


(16) 


02489 


0.2479 


0.0010- 




12 


16 


100 


(17) 


0.3412 


0.3412 


0.0000 






12 


16 


100 


(18) 


0.8418 


0.3417 


0.0001- 




0.0001- 


6 


16 


100 


(19) 


0.3418 


0.3412 


0.0001- 


6 


16 


100 


(20) 


0.8411 


0.3402 


0.0009- 


0.0009- 


1 


16 


100 


(21) 


0.2492 


0.2484 


0.0008-1 






12 


20 


100 


(22) 


0.2486 


0.2480 


0.0006- 




0.0006- 


12 


20 


100 


(23) 


0.2491 


0.2486 


0.0006- 




12 


20 


100 


(24) 


0.8412 


0.3411 


0.0001- 






12 


20 


100 


(25) 


0.8417 


0.8418 


0.00014- 




0.0000 


6 


20 


100 


(26) 


0.3417 


0.3417 


0.0000 


6 


20 


100 


(27) 


0.8414 


0.8404 


0.0010- 


0.0010- 


1 


20 


100 


(28) 


0.2491 


0.2486 


00006-1 






12 


26 


100 


(29) 


0.1701 


0.1697 


0.0004- 




0.0008- 


12 


26 


100 


(80) 


0.1708 


0.1706 


00008- 




12 


26 


100 


(31) 


0.1710 


0.1710 


0.0000 






12 


26 


100 


(82) 


0.8416 


0.3410 


0.0006- 




o.oooa- 


6 


26 


100 


(83) 


8418 


0.8418 


0.0000 


6 


26 


100 


(34) 


0.8412 


0.3406 


0.0007- 


0.0007- 


1 


26 


100 



In this connection I append the results of a few experi- 
ments made to determine the effect of the presence of a 
considerable amount of free nitric acid, on the precipitations 
of barium as sulphate in cases where certain substances are 
present which under ordinary conditions tend to hold up the 
precipitate. Fresenius* has demonstrated this property in 

* ZeiUchr. anal. Chem., ix, 62. 
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the case of ammonium nitrate, Scheerer and Rube* have 
shown that metaphosphoric acid acts similarly, and Spillerf 
notes the same general effect where alkaline citrates are 
present. Series III shows the results obtained by precipi- 
tating definite portions of the standard solution of barium 
nitrate in the presence of stated amounts of the substances 
just mentioned. The total volume in every case was 100 cm^ 

SERIES in. 



Exp. 


Impurity prewnt to 

the mmount of 

6grm. 


Ba80« 

eqiiiy»- 
lentto 


Apparent 

amount of 

Ba80« 

found. 


BaSO. after 

purmoa- 

tion. 


purifloa- 
tion. 


of strong 
HNOaby 
Tolnme. 


(1) 
(2) 
(8) 
(4) 
(6) 


Ammoniam nitrate 
i< « 

citrate 
Sodium 
Metaphosphoric acid 


grm. 
0.1710 
0.3415 
0.3412 
0.1360 
0.3461 


gnn. 
0.1800 
0.8440 
0.3442 
0.1780 
0.8511 


grm. 
0.1702 
0.3410 
0.3407 
0.1366 
0.8470 


grm. 
0.0008- 
0.0005- 
0.0005- 
0.0006+ 
0.0009+ 


10 
10 
10 
10 
10 



the amount of dilute sulphuric acid used 10 cm^ and 
the time between precipitation and filtration twelve hours. 
Upon filtering, igniting, and weighing the barium sulphate 
an excess of weight, due undoubtedly to contamination of 
the precipitate, was found. It became, necessary, therefore, 
to purify the precipitate as first weighed, in order to deter- 
mine whether all the barium was actually precipitated or 
whether a partial loss was covered by the amount of included 
impurity. The method of purification employed was that 
successfully applied by Mar in the work previously men- 
tioned. The contaminated sulphate collected on paper and 
treated according to the familiar method (on account of the 
difficulty attending the complete removal of the precipitate 
from asbestos for purposes of purification), was dissolved in 
warm concentrated sulphuric acid, and evaporated quickly 
and without spattering by means of the Hempel burner, the 
barium sulphate being left after this treatment in coarse 

* Jour, prakt. Chem., Ixxv, 113-116. 
t Chem. News, yiii, 280-281. 



186 THE INFLUENCE OF ACIDS, ETC. 

granular crystals. The crystallized sulphate was wanned 
with a little water containing a drop of sulphuric acid, 
filtered upon an asbestos felt contained in a perforated plati- 
num crucible, the crucible and felt having been previously 
ignited and weighed. 

The results show that in the presence of nitric acid 
amounting to one-tenth by volume of the entire liquid these 
salts exert no apparent interference with the precipitation of 
the barium. 

The entire work would seem to show that the presence of 
an excess of nitric acid or aqua regia amounting to ten per 
cent by volume of the liquid treated is not only not to be 
avoided in estimating barium as the sulphate, but is actually 
beneficial. Ordinarily the advantage is found in the ten- 
dency of the precipitate to fall coarsely crystalline under 
the conditions. In certain special cases in which certain 
substances mentioned, which would otherwise exert solvent 
action, are present, the precipitation is made complete. The 
contaminating effect of such substances when complete 
precipitation is induced may be corrected by dissolving 
the precipitate in sulphuric acid and recrystallizing by 
evaporation. 



XXIV 

ON THE TREATMENT OP BARIUM SULPHATE 
IN ANALYSIS. 

By J. L PHINNEY.* 

In a recent paper by M. Ripper f entitled **Beitrttge zur 
Gewichtsanalyse der SchwefelsSure " the method discussed is 
the precipitation of barium sulphate from an excess of the 
chloride, and differs from similar methods only in the manner 
of purification of the precipitate. Purification, according to 
Ripper, is accomplished by oxidizing with bromine water 
whatever sulphate may have been reduced by the ignition 
of the filter, then treating the entire precipitate with dilute 
hydrochloric acid until the impurities are removed. In the 
course of his investigation Ripper made the attempt to 
eliminate the possible source of error in the reduction of the 
sulphate by the use of the asbestos filter-crucible, but find- 
ing it impossible to bring asbestos to a sufficiently constant 
weight either by itself or when treated with dilute acid, he 
abandoned it as impracticable, and substituted the treatment 
of the reduced precipitate with bromine. Ripper accepts 
without investigation the old method of purifying barium 
sulphate by hydrochloric acid. 

Inasmuch as the asbestos crucible has been employed suc- 
cessfully even in processes so delicate as atomic weight 
determinations, sufficient confidence was felt in it to warrant 
testing by its use the accuracy of the hydrochloric acid 
process of purification, in this way reducing the necessary 
manipulation and completely avoiding the introduction of 
bromine. Furthermore the recent work done in this laboia- 

* From Am. Jour. ScL, xIt, 488. 
t Zeitichr. anorg. Chem., ii, 88. 



188 



ON THE TREATMENT OF 



tory by Mar and Browning* on barium sulphate depends 
for its validity upon the practical utility of this means of 
gathering and weighing barium sulphate. Accordingly the 
following preliminary series of experiments were undertaken 
with a view of discovering under what conditions and how 
far the asbestos crucible could be depended upon in quanti- 
tative methods as applied to the estimation of barium as 
sulphate. In Series I the crucible with a felt was ignited 
to bright redness for different periods of time and weighed, 
then washed with hydrochloric acid, both cold and hot, 
ignited, and re-weighed with results as shown below. The 
crucible used was finely perforated and furnished with a 
cover and cap, and the asbestos was prepared as directed 
by Gooch,t in his original paper. A felt weighing 0.0268 
grm. was thrown upon the crucible, washed thoroughly 
with distilled water, dried, ignited, and weighed in less 
than twenty minutes. The formation of blisters due to 
rapid generation of steam was easily avoided by gradually 
increasing the temperature from a gentle heat. A second 
crucible with a felt weighing twice as much (0.0441 grm.) 
was ignited at low redness for equal periods with similar 
results. 

SERIES I. 



Time of 


Weight 


Time of 


Weight 


ignition. 


in grama. 


ignition. 


in grama. 


min. 




min. 




2 


0.0268 


10 


0.0268 


2 


0.0268 


10 


0.0268 


2 


0.0268 


20 


0.0268 


5 


0.0258 


20 


0.0268 


5 


0.0268 


80 


0.0268 



The same felt was washed with 20 cm* of a twenty-five 
per cent solution of hydrochloric acid, then treated with 
6 cm*, 25 cm* cold, and 25 cm* hot concentrated acid respec- 
tively, and suffered in no case the slightest diminution in 

* Am. Jour. Sci., zli, 288 ; xlr, 899. This Tolome, pp. 68, 181. 
t Am. Chem. Jour., i, 817. 
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weight, constant weights being secured after an ignition of 
two minutes. Finally, as a matter of curiosity rather than 
because of its practical bearing, the felt was digested in the 
crucible for fifteen hours in concentrated acid, washed with 
100 cm* distilled water, and even then lost but 0.0001 grm. 
The stability of the asbestos under the foregoing treatment is 
remarkable. An excessive ignition for nearly two hours at 
bright redness gave no appreciable change, while in the last 
experiment the trifling loss may perhaps be accounted for by 
mechanical disintegration. 











8EBIES n. 








B.a^.0 


Time of 
igxdtioii. 


B«804 
found. 


Krror. 


Trertmant 

WithllOid. 


Weight 

after 

treatment. 


Loia. 


(1) 

(2) 
(3) 


grm. 
0.6071 
0.6022 
0.6007 




mln. 

10 
20 
10 
20 
6 
[ 6 


gnn. 
0.4848 

0.4799 

0.4783 


grm. 

coooaf 

0.0001+ 
0.0001- 


( 4-6 drops HCl 
\ 4-6 drops HCl 
j 4-6 drops HCl 
\ 4-6 drops HCl 
] 100 cm» 
8 per cent HCl 


grm. 
0.4846 
0.4846 
0.4796 
0.4793 
0.4761 


grm. 
0.0008 
0.0000 
0.0003 
0.0008 
0.0082 



In Series II, barium sulphate brought to a constant weight 
was treated with acid on the felt without diflBculty — in the 
first two cases with a few drops of dilute hydrochloric acid 
followed by 10 cm^ of distilled water, in the third with 
100 cm* of a three per cent solution of the acid — though 
Ripper raises the further objection, that upon ignition the 
precipitate becomes so firmly attached to the felt that it is 
nearly or quite impossible to make a thorough treatment 
with acid. In experiments (1) and (2) no attempt was made 
to pulverize the precipitates, but in experiment (3), as also 
throughout Series III, on moistening with a few drops of 
water the sulphate was easily and completely disintegrated 
by a glass rod into finely divided particles. This difference 
in treatment explains, at least in part, the large difference in 
the results of the table. 

The filtrates in experiment (2) gave with an excess of 
sulphuric acid slight unweighable precipitates, but from the 
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filtrate of experiment (8) 0.0080 grm. of the sulphate were 
recovered. The disintegrated residue from experiment (2) 
(0.4793 grm. BaSO^ was next treated under precisely the 
same conditions as in the last preceding experiment, except 
that in this solution there was present dilute sulphuric acid 
amounting to five per cent of the entire volume, an excess 
sufficient to keep the barium in the form of sulphate.* In 
this case there was no loss in weight, nor did the filtrate 
contain any barium. 

This work completely demonstrates not only that strong 
hydrochloric acid has no effect upon the film of asbestos, 
but also that barium sulphate when thrown upon it may be 
brought to a constant weight either by itself or after treat- 
ment with dilute acids, and incidentally that the requisite 
excess of sulphuric acid must be present to counteract the 
solvent effect of the hydrochloric acid. That Ripper failed 
to secure constant weights is probably due to unfamiliarity 
with the proper sort of material to be used. 

In view of the facts thus far ascertained the next step 
was to purify the sulphate, if possible, by the means already 
referred to in the beginning of this paper. The contami- 
nating salts chosen were potassium chlorate and sodium 
chloride, as those most likely to present a fair test of the 
efficacy of the process. The following precipitations were 
made: 



No. 


^iltr*^ 


Ba804 
fonnd. 


Brror. 


Contaminatiiig 


1. 
2. 
8. 
4. 
6. 


grm. 
0.6008 
0.6014 
0.6007 
0.6004 
0.6012 


grm. 
0.6009 
0.4990 
0.4980 
0.6166 
0.4079 


gnn. 
0.0224+ 
0.0198+ 
0.0196+ 
0.0884+ 
0.0190+ 


grm. 
KC10„ 8 

Kao,. 8 

NaCl, 10 
NaCl, 20 
KClOj, 8 



By reference to the following table in which the records of 
treatment of these precipitates are given in their numerical 
order, it will be seen that the action of hydrochloric acid in 
* FreBenius, Zeitschr. anal. Chem., xzx, 466. 
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the presence of sulphuric acid is to remove only from 70 to 
90 per cent of the total impurity, and that, while it is possible 
by repeated treatments with dilute hydrochloric acid alone to 
so reduce the weight that there may be little or no apparent 
error on the original determination, the large percentage of 
sulphate dissolved at the same time condemns its use in 
accurate analytical work. 

SEBIES m. 



No. 


Addaoaed 

in total Tol. 

of 100 cms. 

HCl H,804 


Dontioa 

of add 

treatment. 


Loaaon 
traatment. 


Impurity 
X0iiuiininff* 


H,804 in filtrate. 


1. 


cm* 
8 
8 
8 
8 
8 
8 


cm' 

5 
5 
5 
5 
5 



min. 
30 
15 
15 
15 
15 
15 


grm. 
0.0175 
0.0012 
0.0012 
0.0000 
0.0003 
0.0031 


grm. 
0.0049 
0.0087 
0.0025 
0.0025 
0.0022 
0.0009- 


None. 
Unweighable trace. 

M «< 

0.0020 grm. 


2. 


8 
8 
3 


5 
5 
5 


20 
20 
20 


0.0135 
0.0015 
0.0003 


0.0063 
0.0048 
0.0045 


None. 
<t 


a 


8 

6 

10 

25 

50 


5 
10 
10 
10 
10 


30 
20 
20 
20 
15 


0.0090 
0.0018 
0.0028 
0.0002 
0.0002 


0.0106 
0.0093 
0.0070 
0.0068 
0.0066 


None. 
« 
<« 

« 


4. 


90 
90 


10 
10 


15 
15 


0.0260 
0.0009 


0.0124 
0.0115 


None. 


6. 


8 
8 






80 
80 


0.0146 
a0040 


0.0044 
0.0004 


0.0007 ffrm. 
0.0032 " 



Fresenius states * that barium sulphate impure from sodium 
or potassium chlorates may be completely purified by igniting 
the precipitate, moistening thoroughly with hydrochloric acid, 
evaporating to dryness and extracting with water, and that 
chlorides of these elements bring about no contamination. 
However, in the above series of precipitations the inclusion 
by the sulphate of sodium chloride and potassium chloride 
(left on ignition) was very marked, and accordingly four new 
precipitations were made, two in the presence of 10 grm. of 
sodium chloride, and two with an equal amount of potassium 
« Zeitschr. anal Chem., iz, 62. 
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chloride as the contaminating salt, in order to test the degree 
of purification reached by Fresenius' process. The evapo- 
ration was made over a steam bath and hot water was used 
in washing. It was found an easy matter to remove the 
precipitates from the felts after ignition by breaking up 
the caked mass with a glass rod by a rotary motion and 
gentiy tapping the crucible. After extraction the residue 
was thrown back upon the same felt, ignited, and re-weighed 
with results as below: 



1 


Ba01t.2H,0 


Ba804 + NaCl 
fomid. 


Impurity before 
treatment. 


LOMOQ 

treatment 


Impinrlty 
remaining* 


grm. 
0.6000 
0.6008 


grm. 
0.4966 
0.4978 


grm. 
0.0177 
0.0193 


grm« 
0.0079 
0.0100 


grm. 
0.0098 
0.0098 


1 


B.OJj^H.0 


Ba80« + Ka 
found. 


Impurity before 
treatment* 


LoMOn 
treatment. 


Lnpinrtty 
remaining* 


grm. 
0.6033 
0.6017 


grm. 
0.6024 
0.6071 


grm. 
0.0216 
0.0277 


grm. 
0.0181 
0.0189 


grm. 
0.0084 
0.0088 



Under the most favorable conditions an average of 0.0090 
grm. of the total impurity in a half-gram of the impure 
sulphate remained untouched, and in one case a retreatment 
diminished this amount by only 0.0004 grm. Slight pre- 
cipitates were recovered from the filtrates of II, the first 
weighing 0.0001 grm. and the second unweighable. 

We are forced, then, to the conclusion that alkaline chlo- 
rides do contaminate barium sulphate thrown down in the 
presence of an excess of sulphuric acid • and that the process 
of purifying by hydrochloric acid does not purify. It would 
seem therefore that the only good method for purification is 
either to fuse, according to Fresenius, with sodium carbonate, 
extract and reprecipitate as sulphate, or to evaporate from 
solution in concentrated sulphuric acid according to Mar. 
• Mar, Am* Jour. Sci., xli, 288. Thia yolume, p. 71. 



XXV 

ON THE lODOMETRIC DETERMINATION OF 
THE NITRATES. 

By HIPPOLYTE GRUENER.* 

Db Koninck and Nihoul f describe a method for the iodo- 
metric determination of nitrates, in which the decomposition 
of the nitrates is effected by the action of gaseous hydro- 
chloric acid, the gases evolved being passed into potassium 
iodide ; but the method is a cumbersome one. In a former 
paper J a method was described according to which nitrates 
were decomposed successfully and easily by a solution of 
manganous chloride in hydrochloric acid, the products of 
decomposition being passed into potassium iodide, and the 
liberated iodine titrated with sodium thiosulphate. The 
ease with which hydriodic acid has been applied in this 
laboratory as a reducing agent in the determination of 
arsenic, chloric and antimonic acids § has suggested its appli- 
cation for the same end to nitric acid, and the present paper 
is the account of attempts in this direction. 

The Action of Phosphoric Acid and Potassium Iodide upon 
Nitrates. — The decomposition of the last traces of nitrates 
in presence of potassium iodide and sulphuric acid does not 
occur except at very great concentrations, and, as at great 
concentrations sulphuric acid in presence of hydriodic acid 
itself liberates iodine, the use of sirupy phosphoric acid to 
bring about the required decomposition naturally suggested 
itself. Various attempts to simplify the process while still 

* From Am. Jour. Sci., xlri, 42. 
t Zeitschr. angew. Chem., 1890, 477. 

X Gooch and Gruener : Am. Jour. Sci., xlir, 117. This Tolume, p. 132. 
§ Am. Jour. Sci, xl, 66; xlii, 220; xlii, 213. This volume, pp. 30, 73, 82. 
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registering the amount of reduction by arsenic acid in the 
residue proved futile, and a distilling apparatus was found 
to be necessary. For this purpose a small retort was used, 
the neck of which was bent downward about two inches from 
the body, so that the retort itself might be tipped backward, 
allowing the imbent portion of the retort to run upward, thus 
guarding against loss from spattering. Into the tubulature 
of the retort was ground a glass tube drawn out at both ends 
to serve as a perforated stopper for the entrance of carbon 
dioxide. The neck was passed through a rubber stopper into 
a side-neck Erlenmeyer flask, the exit tube of which was 
prolonged and dropped into a side neck test tube used as a 
trap. The retort was covered with a simply contrived hood 
which kept the upper parts warm and prevented the iodine 
from settling anjrwhere. In the retort was placed the nitrate 
with an excess of potassium iodide, and in the receiver a 
known amount of decinormal solution of arsenious oxide 
strongly alkaline with hydrogen sodium carbonate and diluted 
to a convenient bulk. The trap contained nothing but water. 
The phosphoric acid used was at first 10 cm^ of strong acid, 
specific gravity 1.7, with varying amounts of water, but 
when it was found that the amount of water present was an 
essential feature, a definite mixture was used as designated 
in the tables. The acid was added to the retort last of all, 
and after carbon dioxide had been passed for a sufficient 
length of time heat was applied. The carbon dioxide was 
evolved in a Bonn generator from materials which had been 
carefully boiled, and cuprous chloride was added to the acid 
in the generator to take up the oxygen from any traces of 
air. Between the introduction of phosphoric acid into the 
retort and the application of heat a good stream of gas 
was passed for ten minutes, at the end of which time the 
bubbles escaping at the last trap were completely absorbed in 
potassium hydrate of the requisite strength. 

The first experiments were in blank with no nitrate 
present. Upon warming the mixture of phosphoric acid 
and 2 grm. of the iodide signs of free iodine were developed, 
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and by titration of the contents of the receiver at the end, 
iodine to the amount of 0.0014 grm. was found to have been 
liberated, either by residual traces of air or by dissociation. 
The experiment was repeated, but in this case all the water 
used had been boiled immediately before the experiment, and 
here iodine to the extent of 0.0009 grm. only was found to 
have been liberated. The cause and remedy for this libera- 
tion of iodine are discussed presently. A series of experi- 
ments was performed to study the action of the reagents 
when nitrates were present. 

The method of procedure was as follows: The nitrate was 
taken for convenience from a solution of 5 grams in 500 cm^ 
of water. The iodide was introduced dry or in solution 
according to the bulk of water allowable. This mixture was 
boiled a moment to drive out all air, the phosphoric acid was 
then added, and carbon dioxide was passed as described, the 
receiver containing the arsenious oxide and the trap being 
already in position. It had been found that all but a trace 
of iodine was caught in the first receiver, so that the rubber 

TABLE L 



top. 


KNOa 


KI 


td 10 cm,^ of 
pbcmplioiic 
Kid, ap. gr. 


KKO, 

fUUXlll, 


Error ta 


HJSOb. 


BeriMl. 

^' 
(2) 

(3) 
(4) 
(5 

\i 

(10) 
(11) 
(12) 
(13) 


00006 
0.0010 
0.0020 
0.0050 
0.0100 
O.OIOO 
0,0200 
0.02(10 
0.0200 
0,0200 
0.0500 
0.0600 
0.0300 


grm. 
0,2 
0.2 
0,2 
0.2 
0,2 
0-2 
0.3 1 
0.3 
0-3 
0.3 
0.6 
0,5 
0,5 


cms 
2 
2 
2 
2 
2 
2 

3 
S 
3 
6 
6 
4 


grm. 
0,0000 
0.0012 

0.0021 
0.0055 
0.0093 
0.0103 
0.0216 
0,0192 
0.0SO6 
0.0205 
0.0496 
0.0499 
0.0293 


gtto. 

0.0004-h 
0.0002^ 
0.0001+ 
0,0005+ 
0.0007- 
0,0003+ 
0.0016+ 
0.0008- 
0.0005+ 
0,0005+ 
0.0004- 

0,0001- 

0.0007- 


gnu. 
0.0OO2+ 
0.0001+ 
0.0001+ 
0.0003+ 
0.0004- 
0.0002+ 
0.0010+ 
0005- 
0.00O8+ 

().t>ooa+ 

0.0002" 
0.0001- 
0,0004- 


(14) 
(15) 
(16) 
(17) 


0.0616 
0.0670 
0.1030 
0.1062 


1.5 
2.5 
1.1 
1.1 


1 
1 
1 
1 


a0682 
0.0d4S 

0.1061 
0.11^ 


0,006ftf 
0,0073+ 
0.0031+ 
0.0135+ 


0.0030+ 
0.0045+ 
0.0018+ 
0.0081+ 
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stopper closing it could do no harm. When large amonntB 
of nitrate were used the clots of solid iodine settling out 
in the receiver were dissolved by means of a crystal or two 
of potassium iodide. The solution in the retort was boiled 
until it was clear that all the iodine had distilled over, and 
usually until the boiling in the retort had ceased. It was 
found advisable to empty the retort so soon as it was cool 
enough, else the phosphoric acid became unmanageable. The 
retort after each experiment was washed out with ammonia 
and water. 

The results of these first experiments are shown in Table I. 

With one or two exceptions the results of Series 1 are 
fairly good. Those of Series 2 are very bad. The only 
essential difference between the two series is in the dilution 
of the phosphoric acid used. In the first series there is 
always enough water present to make the specific gravity of 
the phosphoric acid no higher than 1.6 for small amounts 
of iodide and nitrate, and lower than that number when 
these amounts are increased. The suggestion is obvious that 
dissociation of the hydriodic acid may occur at the boiling 
point of the stronger acid. According to Berthelot * aqueous 
solutions of hydriodic acid under pressure begin to dissociate 
at 275° or even under. The temperature of the retort at the 
end of an experiment was taken and found to be far beyond 
the range of a thermometer reading to 360°. It is evident, 
then, that under the conditions there should be opportunity 
for dissociation. Four experiments in which potassium 
iodide was treated with phosphoric acid, specific gravity 1.7, 
undiluted, gave of liberated iodine caught in arsenious acid 
0.0030 grm., 0.0044 grm., 0.0049 grm., 0.0030 grm., corre- 
sponding to 0.0008 grm., 0.0012 grm., 0.0013 grm., 0.0008 
grm. of potassium nitrate respectively. These results would 
account only in part for the errors noted, but they are in 
the same direction. Chapman f has found that concentrated 
hydriodic acid acting upon organic nitrates and nitrites 
reduces them not alone to nitric oxide but even in part to 

* Ann. Chim., IV, xx, 392. f Jour. Chem. Soc., xx, 166. 
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ammonia. The conditions of the experiments in Series 2 
approximate to concentration of the hydriodic acid, and the 
reaction that Chapman found probably takes place here to 
a limited extent. Concentration of the hydriodic acid then 
must be avoided, both to eliminate dissociation and excessive 
reduction of the nitrate. 

Therefore the plan was adopted of diluting the solution, so 
that the temperature and concentration should be effective 
in decomposing the nitrate, but should not bring about the 
complications just mentioned. A blank experiment made 
thus, 18 cm^ of a solution of phosphoric acid of specific 
gravity 1.89 being used, gave of liberated iodine only 0.0004 
grm. corresponding to 0.0001 grm. of potassium nitrate. So 
that imder these conditions we may be assured that dissocia- 
tion occurs if at all to only a slight extent. In the following 
experiments, therefore, the nitrate is decomposed in presence 
of dilute phosphoric acid, the dilution and the quantity taken 
being included in Table II. ; 

The iodine of (41) was collected in potassium iodide and 
titrated with thiosulphate. Series 8 requires little special 
comment. The experiments ran along smoothly, the manipu- 
lation was easy, the care required in watching very little, and 
the results are fairly satisfactory. The causes leading to the 
high results of Series 2 seem entirely eliminated by the dilu- 
tion. Series 4 is a direct continuation of Series 3, differing 
in the single point that larger amounts of nitrate are handled. 
These results with some exceptions are decidedly low. It 
appears that with a fair percentage of water present, as the 
amounts of nitrate grew larger, the error became a negative 
one. The explanation for this seemed to be that the last 
portions of nitric acid must have distilled before decomposi- 
tion, whenever the original amount was large. Nitric acid 
was accordingly tested for in the distillate, and to this end 
all the conditions of the experiment were repeated, except 
that the receiver contained only water. Of the nitrate 0.4 
grm. and of the iodide 4 grm., twice the amount theoreti- 
cally necessary, were put into the retort, and at the end of 
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the experiment the solution in the receiver was boiled with 
hydrogen peroxide to decompose the hydriodic acid and 
drive out the iodine, care being taken to keep enough water 
to hold any nitric acid present. When all the iodine was 
gone sodium carbonate was added, the solution evaporated, 
and the residue ignited and tested with a saturated solution of 
manganous chloride in hydrochloric acid, as described in the 
previous paper above mentioned. By this means 0.0002 grm. 
potassium nitrate are very easily detected in 10 cm* of solu- 
tion. Nitric acid was found in the distillate of this experi- 
ment as well as in two others conducted with 0.2 grm. and 
0.1 grm. of the nitrate respectively. The residues in the 
retorts of these three tests showed no trace of nitric acid. 

TABLE n. 





KJfO, 
tafceuu 


EI 


Found, 


8p. Gr. «rf 

MttatlOD of 
pb«phOTic 




Error 


Error 
KSO, 


(18) 

m 

(20) 
(21) 
(22) ' 
(23) 
(24) 

m) 


0.0500 
0.0200 
0.0200 
0.0250 
0.0300 
O.03OO 
0.0350 
0.040O 
0.0450 
0.0500 


grm. 
I, 
0.5 
1, 
I. 
1. 
1, 
1. 
1. 
1. 
1. 


grtn. 
0.0500 
0.0201 
0.0108 
0,0250 

o.asoT 

0.0512 
0.035a 
0.0409 
0.0444 
0.0499 


1.43 

1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.35 
1.36 
1.37 


on" 

20 

20 
20 


grta. 
0.0000 ' 
0.0001+ 
0.0001!^ 
0,0000 
0.0007+ 
0.001 2f 
0.O0O3+ 
0.0000+ 
0.0000- 
0.0001- 


0.0000 

0.0001+ 

0,0001- 

0.0000 

0.00O4+ 

0.0007+ 

O.OOQg+ 

O.O0O6+ 

0.0004- 

0.0001- 


Serine 
(28) 
(2&) 
(30) 
{Z\) 

m) 

(33) 
{U) 
<35 

m) 

^87) 
(SB) 
{89) 
(40) 
(41) 


0.0600 
0.0600 
0.0600 
O.OGOO 
0.0600 
0.0700 
0.0800 
0.0000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1021 

o.ioas 


1. 

1. 

1. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

1.6 

2.5 

2. 


o.o5es 

0.0575 
0,0576 
0.0&SS 
0.0G05 
0.070S 
O.OSll 
0.0B42 
0.0&96 
0.1012 
O.O0O0 
O.OOT© 
0.1005 
0.0949 


1.37 

i.a? 

1.37 
1.37 
1.37 
1.37 
1.37 
1^7 
1,37 
1.37 
1,37 
UT 
1.43 
1.43 


20 

20 
20 
20 
18 
18 
18 
18 
18 
18 
18 
18 
17 
17 


0.0032- 

0.0026- 

0.0O24- 

0.0012- 

0.0005+ 

0.0008+ 

0.0011+ 

0.0058^ 

0.0004^ 

0.0012+ ! 

0.0091- 

0.0021- 

0.0016- 

0.0085- 





The process seems reliable enough, then, for estimating 
nitrates in small quantities not exceeding an equivalent of 
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0.04 grm. or 0.05 gnn. of potassium nitrate. Every experi- 
ment perfonned with quantities not larger than 0.05 grm. 
has been given here, except four in which an imperfection 
in the apparatus showed an obvious mechanical loss. The 
errors in these experiments lie between the extremes of 
0.0016 grm. + and 0.0008 grm. — on the nitrate, with an 
average error of 0.00016 grm. If series 3 alone is taken, 
in which the dilution of tiie phosphoric acid was regulated, 
we have as extreme errors 0.0012 grm. + and 0.0006 grm. — 
with a mean error of 0.0002 grm. +• With quantities of 
nitrate above 0.05 grm. the process does not seem a safe one, 
inasmuch as with a moderate amount of water present some 
nitric acid distils over undecomposed, and with little water 
present other complications as seen above arise. 

The method so far as it is applicable may be summed up as 
follows. The nitrate, not to exceed in amount 0.05 grm. of 
potassium nitrate, is introduced into a retort, together with 
ten times its weight of potassium iodide, and 17 to 20 cm^ 
of phosphoric acid, of specific gravity 1.43. All water used 
should be recently boiled. Carbon dioxide is passed from a 
receiver carefully set up. The neck of the retort passes into a 
receiver containing a known amount of decinormal arsenious 
oxide, alkaline with a good excess of hydrogen sodium car- 
bonate and diluted to a convenient bulk. To this flask is 
attached for additional safety a simple trap containing water. 
The solution in the retort is boiled until it is clear that no 
more iodine remains, when the receiver, after proper washing 
and addition of the liquid in the trap, is titrated with iodine 
to find the amount of arsenious oxide still left. This gives 
the measure of the iodine evolved and consequently of the 
nitrate present, according to the equatioB 

2HNOs + 6HI = 4H,0 + 2N0 + 3I-I. 

The Decomposition of Nitrates hy Antimonious Chloride. — 
The failure mentioned above, in attempting to use arsenious 
oxide to register the action of nitric acid, led to the trial of 
antimonious chloride as a substitute, inasmuch as this sub- 
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stance is easily oxidizable and less volatile than aisenious 
chloride in presence of hydrochloric acid. This latter fact is 
of great importance in the decomposition of a nitrate. The 
point to be tested was whether the complete decomposition 
of nitrates by the action of antimonious chloride in hydro- 
chloric acid solution, and the absorption of the nascent 
oxygen to form antimonic chloride would be secured, so that 
the antimonious chloride left at the end as compared with the 
amount taken should give the measure of the nitrate used, 
according to the equation 

3SbCl, + 2HN08 + 6HC1 = SSbCl* + 2N0 + 4H,0. 

Antimony chloride was dissolved in strong hydrochloric 
acid, and the solution standardized by diluting convenient 
portions, adding taiiaric acid, nearly neutralizing with a 25 
per cent solution of sodium hydrate, treating with excess 
of hydrogen sodium carbonate and titrating with decinormal 
solution of iodine in presence of starch, the blue color being 
taken as the end reaction. 

Known portions of this solution boiled with potassium 
nitrate for a considerable length of time, then diluted, neu- 
tralized, and titrated (all a simple quick process), showed 
oxidation to the extent of about 90 per cent of the nitrate 
present. The evidence pointed to the conclusion that the 
nitrate was broken up, but that the residue failed to register 
the amount of decomposition. The products of decomposi- 
tion when passed in a current of carbon dioxide into potas- 
sium iodide set free iodine, but had no oxidizing effect upon 
an alkaline solution of arsenious oxide. The conclusion was 
drawn that nitrosyl chloride was probably given off, which 
breaking up on contact with water into hydrochloric and 
nitrous acids exerts no effect upon arsenious oxide in alkaline 
solution. To see if the nitrosyl chloride was set free in exact 
measure of the nitric acid lost, the following experiments 
were made. 

Into a diminutive retort — made from a pipette shaped like 
a Liebig's drier and connected by a sliding joint covered by 
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rubber into a Ejehdahl tube used as a receiver, and so placed 
that carbon dioxide passing through the apparatus should 
enter from below, lifting the air before it — the dry nitrate 
was introduced and washed down with a few drops of re- 
cently boiled water, or, if more liquid was required, with 
hydrochloric acid lest the liquid become too dilute. From a 
burette a definite amount of antimonious chloride solution, 
somewhat in excess of the nitrate taken, was introduced. The 
receiver was charged with 0.25 grm. potassium iodide diluted 

SERIES I. 



Exp. 




K:N0| Gom- 

tpgndmg to I 

fcmudin 

raeaiver* 


EMtln 
KlfO, 


Error 

In 
KNOf. 


In 




UTCU, 


grm* 


grm. 


j^nu. 


grin. 


(1) 


0.0222 


0.0020 


0.frJ33 


0.00114- 


0.0007+ 


¥) 


0.0336 


0.0020 


0.0333 


0.000S- 


0.0002- 


(3< 


0.0470 


0.004d 


0.0471 


0.0001+ 


000O1+ 


^'4'> 


0.0563 


0.0057 


0.0554 


0.0001+ 


00001+ 


i5i 


0.06M 


0.0076 


0.GO79 


0,0016+ 


0,0000+ 


(S) 


0.0759 


0.00^2 


0.0762 


0.0007- 


(^0004- 


(7) 


0,0837 


O.O103 


0.0841 


0.0004+ 


0.0002+ 


(9) 


0.0y34 


0,0113 


0.0056 


0.0021+ 


0.0013+ 


0.1034 


0.0134 


0.1036 


0.0002+ 


0.0001+ 


(10) 


0.0262 


0*0024 


0.O2&Q 


0.0003- 


0.0002- 


ii 


0.0127 


0.0007 ' 


O.Oi:m 


0.0003+ 


00002+ 


12 


0.0065 


O.O00S 


0.0067 


0.0002+ 


0.0001+ 


13J 


0.0026 


0.0001 


0.0023 


0.0003- 


0.0002- 


14) 


0.1232 


0.009S 


0.1227 


0.0006- 


0.0003- 


(lo> 


0.1640 


0.014d 


0.1640 


0.0000 


0,0000 


06) 


0.1878 


0.0210 


0.1866 


0.001 B- 


0.0008- 



with recently boiled water and was joined to a trap filled 
with water. After carbon dioxide had been passed through 
the apparatus for about ten minutes, the solution was warmed 
on a high boiling bath (lOS^'-lOT®) to ensure the safety of 
the retort, to keep the antimony pentachloride from breaking 
up, to retain the bulk of the acid in the retort, and to pre- 
vent mechanical loss. This method of proceeding was found 
entirely satisfactory. After fifteen minutes' digestion the 
receiver and trap were washed out and at once titrated 
with sodium thiosulphate. The residue in the retort was 
treated exactly as was the antimonious chloride when it was 
standardized. The solution here must be kept dilute, lest at 
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the great heat caused by neutralizing strong solutions there 
be action upon the pentachloride on the part of the small 
amount of tartaric acid now present. The difference between 
the iodine required to oxidize the trichloride left in the retort 
and the iodine found in the receiver is the measure of 
trichloride left unoxidized by the nitrate, and by difference 
we have the measure of the nitrate present. The results are 
given in Series I. In experiments (1) to (8) the receivers 
were washed with ordinary distilled water; after that with 
water recently boiled. 

SERIES n. 



Kxp. 


KSOg 


KNO, corre- 

sponiuiig to I 

found in 

receiver. 


Entire 
KNO. 
found. 


Error 

in 
KNO,. 


Error 

in 
HNO,. 


(17) 
(18) 
(19) 


grm. 
0.0530 
0.0547 
0.0541 


grm. 
0.0052 
0.0065 
0.0063 


grm. 
0.0533 
0.0549 
0.0537 


grm. 
0.0003+ 
0.0002+ 
0.0004- 


GGG 



The experiments of Series II were performed to see if the 
titration of the iodine set free in the receiver could be accom- 
plished as well in alkaline solution by means of arsenious 
oxide. For this purpose the solutions from the receivers 
were poured into a strong solution of sodium bicarbonate, 
care being taken to prevent loss during effervescence. 

The results run from extremes of .0021 grm. + to .0013 
grm. — with a mean error of .00016 grm. +, which tends to 
emphasize the well-known fact that it is impossible to remove 
every trace of air from reagents and generator. The opera- 
tion is quick, taking in all three-quarters of an hour and 
requiring very little watching. The experiments given are 
all that were performed with thq apparatus as described, it 
not having been found necessary to reject a single determi- 
nation for mechanical mischances. 

The processes described do not in general present advan- 
tages equal to those of the manganous chloride method to 
which reference has been made, but under special conditions 
they may be found useful. 
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ON THE REDUCTION OF NITRIC ACID BY 
FERROUS SALTS. 

By charlotte F. ROBERTS.* 

Among the most common methods for the estimation of nitric 
acid are those which depend upon its reduction by a ferrous 
salt in acid solution. The amount of the nitrate acted upon 
is reckoned either from the oxidation of this ferrous com- 
pound or from the nitric oxide set free and subsequently 
determined. The first-named method was first put in prac- 
tical form by Pelouze, and in its present modified form,t is 
capable of yielding accurate results in the analysis of pure 
nitrates. Organic matter interferes, however, with the accu- 
racy of the indications of Pelouze's process. SchloesingJ 
was the first to use the nitric oxide evolved as a measure of 
the original nitrate, and he was able to show that the pres- 
ence of organic matter does not influence the yield of nitric 
oxide in the decomposition. Schloesing originally estimated 
the nitric oxide by collection over mercury, re-conversion by 
the action of oxygen to nitric acid, and titration of the last 
with standard alkali, but Reichardt,§ Wildt and Scheibe,|| 
and others have very much simplified the apparatus of the 
original process, and shown that the gas may be collected 
over caustic soda or potash without materially diminish- 
ing the accuracy of the analytical process. Schulze and 
Wulfert^ determined by direct measurement the nitric oxide 

* From Am. Jour. Sci., xlvi, 126. 

t Fresenius, Quant. Anal., 0. Aufl., p. 519. 

t Ann. Chim. in, xl, 479. 

§ Zeitschr. anal. Chem., iz, 26. 

li Zeitschr. anal. Chem., zxiii, 161. 

t Zeitschr. anaL Chem., Ix, 400. 
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collected over mercury, and Tiemann showed that the deter- 
mination loses little in exactness when the gas is measured 
over an aqueous solution of caustic soda. 

Many modifications and extensions of these processes have 
appeared from time to time, the detailed consideration of 
which is not essential to the purpose of the present discus- 
sion, but all, whether dependent upon the determination of 
the change of condition of the iron salt in the residue, or 
upon the estimation of the nitric oxide evolved, rest upon the 
assumption that under the conditions of action nitric oxide 
is the sole reduction product in the complete destruction 
of the nitric acid by the ferrous salt. That this assumption 
is true in the main is evidenced by the analytical results of 
the methods. Thus, in his careful and critical examination 
of methods, Eder* found that the indications given by 
titration of the residue of treatment with ferrous chloride 
and hydrochloric acid by means of potassium permanganate 
showed errors of excessive oxidation amounting only to 0.3 
per cent to 1 per cent upon amounts approximating 0.4 grms. 
of potassium nitrate, although the process involved the uncer- 
tainties of titrating, without the now used precautions, with 
permanganate in hydrochloric acid. The similar process in 
which use is made of ferrous sulphate in sulphuric acid, 
instead of the chloride in hydrochloric acid, gave excellent 
results and showed errors of loss of the nitrate ranging from 
0.05 per cent to 0.4 per cent upon similar amounts of the 
nitrate, while Braun's process of determining the oxidized 
iron by stannous chloride gave upon amounts of the nitrate 
varying from 0.16 grms. to 0.32 grms. errors of 0.3 per cent 
to 1.5 per cent. 

In the processes involving the treatment of the nitric oxide, 
the errors are usually greater and more variable. Thus, 
Schloesing's process gave Eder errors of 0.2 per cent to 2 per 
cent upon approximately 0.15 grms. of the nitrate, and 10 per 
cent and 12.5 per cent respectively upon 0.0279 grms. and 
0.0249 grms. of the nitrate. In Reichardt's modification the 
♦ Zeitschp. anal. Chem., xvi, 2d7. 
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enoTB ire sli^itlj luger on die STenge bat tsij rimiliriy^ 
and Tlemaim's mpdmd of memsnnng the gas cfv& cansdc soda 
yields lesnllB doselj compazaUe witb those of the Beichaidt 
process and bat litde inferiar to those of Sdiloesii^. 

The way in which the results Taiy in all the processes in 
whidh the nitzic oxide is estimated has Teiy geneialty been 
regarded as soggestzre of an oTidiring acticm jsp(m the nitzie 
oxide, neazly ocmstant in amoont, and prodocttre of increasing 
percentage enois as the amoont of nitiate decreases. The 
intermixtoie of oidinaiy air would naUnally produce diminu- 
tion of the T<dnme of the nitric oxide, bat the ox]dati<Hi of 
this by free air of nonnal ccHuposition should praLuce no 
effect upon the total Tolume of the gas in cases where this is 
measured, if the oxidation goes, as is geneialty sui^x)6ed 
to the point of fonning nitrous acid; for the introduction 
of a given Tolume of oxygrai (in air) means the simultaneous 
intzoduction of four Tolumes of nitzograi, and the single 
volume of oxygen is capaMe of causing the disappeaiance 
of exactly four volumes of nitric oxide, converting it into 
nitrous acid, so that four volumes of nitrogen would be left 
to replace the four volumes of nitzic oxide removed. If the 
oxidatk^ be supposed to go to the point of forming some 
nitric acid there should be left three volumes of nitrogen to 
replace every volume of nitzic oxide converted to nitric acid, 
and the total volume should be g^reater after oxidation tlum 
before. 

In order to account for the low results, therefore, on the 
assumption of an oxidizing action due to free air, we must 
conclude that such air is derived princ^)ally from solution in 
the reagents, id^h would naturally hold oxygen in excess of 
the proportion in which it exists in atmospheric air. Air in 
solntion in the receivers would most readily produce the 
observed decrease in volume, for the nitrogen in dissolved 
air would naturally still remain dissolved without relation to 
the disaiq)eaKance of dissolved oxygen* If the deficiencies 
observed in Schloesing's process are due at all to oxidation of 
the nitric oxide, it is natural to suppose that such oxidation 
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must take place during the passage of the gas from the 
evolution flask to the mercurial receiver, but in the processes 
which involve the collection of the gas over aqueous caustic 
alkali oxidation might readily be brought about by dissolved 
oxygen, and in this case the nitric oxide removed would not 
be replaced by nitrogen. The last mentioned source of error, 
Glaser * has recently proposed to correct by collecting the gas 
over a solution of potassium iodide instead of over caustic 
soda. 

The deficiency in the total volume of gas may also be 
caused partially or wholly by the solubility of nitric oxide in 
caustic alkali. Warington f has shown that caustic soda is 
capable of slowly absorbing nitric oxide, and Russell and 
Lapraik J state that upon long standing over caustic soda, 
nitric oxide is decomposed into nitrous acid, nitrous oxide, 
and nitrogen. 

Errors of the same sort and in the same direction as 
those produced by the action of caustic alkali, either alone or 
with dissolved air, or of air in the apparatus, would be the 
natural consequence of a failure of the ferrous salt to effect 
decomposition exactly according to the assumed reaction. 
Incompleteness of decomposition of the nitric acid; or the 
formation of an oxide of nitrogen higher than nitric oxide 
would result in producing too small a volume of nitric oxide, 
and so also would the over reduction of the nitric oxide to 
nitrous oxide or nitrogen. We have, moreover, abundant 
evidence on the one hand both of the incompleteness of 
decomposition of nitric acid and of the production of a 
higher oxidation product by the action of the ferrous salt 
under modified conditions, and, on the other hand, the 
statement of Carius § that prolonged contact of nitric oxide 
with ferrous sulphate induces further reduction of the nitric 
oxide. Thus, Abel and Bloxam || found that when the 
nitrate was introduced into a boiling solution of ferrous 

♦ Zeitschp. anal. Chem., xxxi, 286. t Jour. Chem. Soc, xxxtu, 476. 

X Jour. Chem. Soc, xzxii, 35. § Ann. Chem. Pharm., xcIy, 138. 

II Jour. Chem. Soc, ix, 97. 
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sulphate containing an excess of sulphuric acid, nitrous acid 
was evolved, and some nitric acid remained unaltered even 
after prolonged boiling ; and Eder,* after demonstrating 
(at least inf erentially from analytical results) that practically 
complete decomposition to nitric oxide results when the 
nitrate is put into a strongly acid and cold solution of ferrous 
sulphate in excess, and the heating made gradual, showed that 
under conditions otherwise similar excepting that the mixture 
was boiling when the nitrate was introduced, a higher oxide of 
nitrogen was evolved in quantity sufficient to be visibly red, 
while the oxidation of the ferrous salt in the residue fell to 
ninety per cent of its normal value. 

These facts and the consideration that the analytical 
methods in which the nitric oxide is estimated give without 
exception unexpectedly low results have led me to look a 
little more carefully into the conditions under which the 
reaction of ferrous salts upon the nitrate may be expected 
to give the volume of nitric oxide most nearly approaching 
the theoretical yield. 

The apparatus which I have found most satisfactory for 
this work consists of a small tubulated retort, upon the neck 
of which is fitted a small condenser to prevent loss of liquid 
during the distillation. Into the tubulature of this retort is 
fitted tightiy, by a carefully ground joint, a tube drawn out 
so as to dip below the surface of the liquid, and fitted with 
carefully ground stop-cocks, — as shown in the figure, — and 
so branched above as to make it possible to transmit carbon 
dioxide through the apparatus, or to admit any liquid without 
admixture of air. The condenser is joined to a WUl and 
Varrentrapp bulb used as a trap, and this in turn is connected 
by thick vacuum tubing with a Hempel gas-burette. Carbon 
dioxide was generated in a Kipp's apparatus by action of 
boiled hydrochloric acid upon boiled marble, and the liquid 
was charged with cuprous chloride, following Warington's 
device, to take up traces of dissolved oxygen. Notwith- 
standing all precautions, I have met with the generally 
* ZeitBchr. anaL Chem., xvi, 267. 
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recognized experience in finding that the gas from the 
generator is never so pure that a hundred cubic centimeters 
of it will not leave a tiny bubble when shaken with a 
solution of caustic soda. 




Fio, 8. 



With the apparatus described the following experiments 
were made. Potassium nitrate (0.1 grm.) was introduced 
into the retort, generally in the dry condition, carbon dioxide 
was passed through the apparatus until the gas collected over 
sodium hydroxide left only the minute bubble which the gas 
from the generator alone had been found to give, and 40 cubic 
centimeters of a boiled solution of ferrous chloride in hydro- 
chloric acid was admitted through the funnel tube, after 
shutting off the carbon dioxide and lowering the levelling tube 
of the Hempel burette. With the stop-cocks arranged as in 
sketch, the liquid was then slowly heated to boiling and the 
process continued until the reaction of the ferrous salt upon 
the nitrate was apparently complete, when the carbon dioxide 
was again passed through the apparatus to secure complete 
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removal of the nitric oxide, the absorption of the carbon 
dioxide being hastened by inclining and shaking the burette 
at intervals. The volume of the gas under existing barometric 
and thermometric conditions was noted. To discover how 
much of the gas collected was actually nitric oxide, I have 
found it best to absorb this gas by potassium permanganate. 
This is very easily and quickly accomplished by attaching a 
funnel to the Hempel burette through which a strong solution 
of potassium permanganate can be introduced. I have gene- 
rally taken the precaution of adding water first in order to 
prevent the possibility of any local action between the potas- 
sium permanganate and caustic soda by means of which 
oxygen might be produced. 

The following tables give the results of experiments per- 
formed in this way. In the first column is given the absolute 
volume of the gas unabsorbed by the permanganate, in the 
second the per cent potassium nitrate reckoned as if the total 
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With potMdmn iodide in the WiU and Varrentnpp tube. 1 


Kxp. 


VoLol 
unabsorbed 


Per cent from 
total yoL 


Per cent from 
abwrbedToL 


Iodine. 




cm» 






grm. 


(1) 


0.45 


99.98 


98.1 


0.0004 
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(3 


0.66 


99.83 


96.74 


0.0UU8 


0.45 


100.8 


97.6 
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(4) 


0.6 


99.7 


97.7 


0.UII22 




n. 






With water in Will and Varrentrapp tube. 




(1) 


0.6 


97.76 


96.0 




(2) 


0.6 


97.76 


96.2 




(3) 


0.6 


97.9 


96.2 




(4) 


0.6 


97.4 


94.7 




(6) 


2.48 


97.8 


87.0 





volume were nitric oxide, and in the third the percentage 
reckoned from the absorbed nitric oxide. In cases where 
potassium iodide was used in the Will and Varrentrapp tube 
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to break up any higher oxides of nitrogen that might be 
formed, the amount of iodine thus set free is given. 

In experiment (3) of Table I, the ferrous chloride was made 
by dissolving iron wire in boiled hydrochloric acid, and the 
potassium nitrate was dissolved in boiled water and added to 
the ferrous chloride. With this dilution, the reaction proceeded 
very slowly and it was found necessary to add several succes- 
sive portions of hydrochloric acid before the reaction was 
complete, but the results as finally obtained are quite com- 
parable with those obtained by a more rapid process. 

It will be seen by a glance at the tables that the best 
analytical results are obtained by the use of potassium iodide 
in the Will and Varrentrapp tube and calculation from the 
total volume of gas. The average of the results obtained 
above, omitting for a reason which will appear later the last 
experiment of the second series, may be expressed in this way: 





WithKL 


With water. 


Dlflannoa. 


Per cent from total gas . . 


. 99.96 


97.7 


2.26 


" « nitric oxide . 


. 97.53 


96.0 


2.63 


Diff. . 


. 2.42 


2.7 





In each case there is an amount of gas equal to about 2.6 
per cent of the total volume which is not nitric oxide. In 
whichever way reckoned the total amount of gas collected is 
about 2.5 per cent greater when potassium iodide is used than 
when water is used in the Will and Varrentrapp tube. This 
would indicate that some higher oxide of nitrogen is formed 
and is decomposed by the potassiimi iodide with a liberation of 
nitric oxide equal to about 2.5 per cent of the total volume of 
gas. In case the formation of this oxide were due to traces 
of air which oxidized the nitric oxide to nitrous acid, the 
volume of nitrogen thus left would be, as has been shown, 
exactly equal to that of the nitric oxide oxidized, and therefore 
there should be about 2.6 per cent of gas incapable of absorp- 
tion by potassiimi permanganate, which is practically found 
to be the case. This would furnish, then, a simple explanation 
of the results given. Supposing this explanation to be the 
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correct one, the presence of air should not influence the 
total volume of gas in case potassium iodide is not used. 
To test this point, the last experiment of the second series 
was performed. This experiment was done in exactly the 
same way as the others, except that the carbon dioxide 
was not allowed to pass through long enough to displace 
the air completely. It will be observed that the total vol- 
ume of gas is practically the same as in the other experi- 
ments, but, as would naturally be expected, the volume of 
gas incapable of absorption by potassium permanganate is 
much increased. 

An interesting confirmation of the supposition that small 
quantities of air introduced into nitric oxide confined over 
caustic soda would not influence the total volume of gas 
was found in some experiments performed later. After the 
nitric oxide in the Hempel burette had been accurately 
measured, air was introduced through the upper stop-cock, 
a cubic centimeter at a time, and the burette lightly shaken. 
It was found that more than twenty cubic centimeters of air 
could be introduced in this way without materially affect- 
ing the total volume of gas, but that the volume began to 
increase when about one cubic centimeter of nitric oxide was 
left unoxidized, as subsequently determined by potassium 
permanganate. 

In the fifth experiment of Table 11, supposing the 2.43 
cubic centimeters of unabsorbed gas to represent nitrogen left 
from air which had oxidized the nitric oxide to nitrous acid 
2.5 cubic centimeters of nitric oxide would thus have been 
made to disappear, and the amount of nitric oxide left should 
be 89 per cent, 2 per cent higher than that obtained. On the 
same supposition, in the four preceding experiments, the 0.6 
cubic centimeters of unabsorbed gas represent a loss of 0.6 
cubic centimeters of nitric oxide which corresponds to a loss 
of about 3 per cent on the nitrate, so that the results reckoned 
from the absorbed gas should be about 97 per cent instead of 
96 per cent as found. Here, again, is an unexplained loss of 
about 2 per cent. Moreover, with the use of potassium iodide, 
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it is plain that, in whatever way these higher oxides of nitrogen 
may be formed, they should be entirely broken up into nitric 
oxide, so that the amount reckoned from the absorbed gas 
should be 100 per cent, whatever the total volume may be. 
We find instead that we get an average of 97.6 per cent, a loss 
of a little more than 2 per cent. It seemed probable, then, 
that as these experiments were done, there was a loss of from 
2 to 2.5 per cent of nitric oxide by solution in caustic soda. 
This loss would mean the solution of 0.5 to 0.6 cubic centimeters 
of the gas after being thoroughly shaken with about 75 cubic 
centimeters of strong caustic soda, an amount of solubility 
which did not seem at all improbable and which would be 
quite in accordance with the results of Warington's experi- 
ments, previously mentioned. 

The following set of experiments was therefore undertaken 
with the double object of studying the solubility of nitric oxide 
in caustic soda, and noting any conditions of temperature or 
proportions which might influence the course of the reaction. 
The same apparatus was used as in the preceding experiments, 
except that a Geissler tube filled with water was inserted 
between the Will and Varrentrapp tube and the Hempel 
burette to prevent the possibility of any iodine being carried 
over mechanically into the gas receiver. In all cases the Will 
and Varrentrapp tube was filled with potassium iodide, and 
the amount of iodine liberated estimated by titration with 

sodium thiosulphate. 

m. 





from total toL of gaa. 


Amount of 
iodine in grams. 


!ii 

6) 


09. 
100.6 

99.2 

99.4 
100.8 

98.9 


0.0024 

0.0043 

0.0160 

0.0020 

0.00866 

0.0008 



In the last five experiments of this series, the caustic soda 
solution was thoroughly boiled to eliminate any error which 
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might arise from oxidation of the nitric oxide by air dissolved 
in the liquid, but with no marked difference in the results. 

In all except the last one of these experiments, the nitrate 
and ferrous chloride were brought together in a more or less 
hot solution instead of being heated gradually, and although 
the amoimts of iodine vary, it will be seen that they are on 
the whole greater in this series than in the experiments in 
which the reacting bodies were brought together in the cold. 
This would indicate the possibility of some slight local action 
in the hot solution by which higher oxides of nitrogen are 
generated, but any analytical error from this source is corrected 
by the use of the potassium iodide which converts them into 
nitric oxide. 

In experiment (8) of this series, where a very large amoimt 
of iodine is liberated, only one half as much ferrous chloride 
was used in proportion to the amount of nitrate as was taken 
in the other experiments, so that the amount of iron present 
must have been very near the theoretical limit. Here the 
amount of iodine would indicate the formation of a higher 
oxide of nitrogen, an error corrected however by the use of 
potassium iodide so that the percentage as calculated from the 
total volume of gas compares weU with the results obtained 
in the other experiments. In experiment (6) also, a rather 
small excess of the FeCU was taken (0.255 grms. Fe being 
weighed out, whereas 0.168 is theoretically required), but in 
this case the liquids were almost cold when brought together, 
and the amount of iodine set free is very small. 

In several cases experiments were made to test the solubility 
of the nitric oxide in caustic soda. In experiment (2) the 
gas was allowed to stand over the liquid, with frequent 
shaking, for about an hour when the volume had decreased 
from 24.8 to 22.6 cubic centimeters. In experiment (3), 
after the lapse of an hour with similar treatment, the volume 
of gas had decreased four cubic centimeters, and one cubic 
centimeter was lost by the gas simply standing over night 
over caustic soda. 

To determine whether the nitric oxide went into solution as 
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such or in the fonn of nitrite, the following experiments were 
performed. About 80 cubic centimeters of the liquid were 
drawn off by stop^jock at bottom of Hempel's burette into an 
acidified solution of potassium iodide, freely exposed to air, 
and the amount of iodine set free determined by titration with 
sodium thiosulphate. Again, 30 cubic centimeters more of the 
same solution were treated in exactly the same way except 
that the flask containing the potassium iodide was first filled 
up with carbon dioxide and air carefully excluded. On two 
trials it was found that the amount of iodine set free imder 
the latter circumstances was very small, and less than one-half 
as much as that set free when air was admitted freely, showing 
very plainly that some, and perhaps most, of the nitric oxide 
was dissolved as such, without chemical action of the caustic 
soda. 

The principal conclusions to which this study of the estima- 
tion of nitrates, by measurement of the volume of nitric oxide 
swept along by carbon dioxide and collected over caustic soda, 
has led me, are as follows : 

1. The best analytical results are obtained according to this 
method by passing the gas through potassium iodide before 
collection, and estimating from the total volume of gas 
collected.* 

2. If air be present in the apparatus at the outset, it will 
not affect the total volume of gas if potassium iodide be not 
used, or if the nitric oxide meet the air beyond the Will and 
Varrentrapp bulb. When potassium iodide is used, air in the 
apparatus would make the total volume too large, but with 
small amounts of air, this error is counterbalanced by the 
solubility of nitric oxide in caustic soda. 

3. Since the nitric oxide is perceptibly soluble in caustic 
soda upon shaking, the gas should not be left long in contact 
with the liquid before the volume is measured. 

4. If the hydrochloric acid used is very dilute, the reaction 
proceeds very slowly, but leads finally to the same results. 

« This result accords with Glaser's experience in collecting the gasei 
evolved unmixed with CO,, over KI— [loc. cit]. 
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6. K the nitrate and ferrous salts are brought together hot, 
some higher oxides of nitrogen may be formed, but the error 
is corrected by the use of potassium iodide. 

6. K potassium iodide is used the results are accurate 
even when the ferrous chloride is present only in very slight 
excess. 
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THE STABILITY OF STANDARD SOLUTIONS 
OF TARTAR EMETIC. 

By HIPPOLYTE GRUENER.* 

During the progress of some investigations on antimony, I 
found it desirable to know to what extent a solution of tartar 
emetic could be relied on to retain its strength when kept for 
a length of time. Accordingly I made up a number of solu- 
tions of tartar emetic, whose strength was determined by 
titration in presence of an alkaline tartrate and bicarbonate 
with decinormal iodine, standardized against arsenious oxide. 
These solutions were put aside in stoppered botties for a 
number of months, when they were again determined with 
iodine standardized against the same arsenious oxide. 

Solution A was simply tartar emetic in distilled water, 16 
grms. to the liter. At the end of five months this was found 
to have lost strength to a considerable extent, while a deposit, 
seemingly a mixture of antimonious oxide and of fungus 
growth had settied at the bottom of the bottie. At the end 
of fourteen months a still greater loss of strength was 
observed, corresponding in all to about 3.5 per cent of the 
tartar emetic, of which 4 grms. were present. The sediment 
was drained, dissolved in tartaric acid and titrated with iodine. 
It was found to correspond to 0.13 grm. of tartar emetic or 
approximately the amount lost. This shows clearly that 
under the conditions no great loss is caused by the formation 
of the pentoxide, in closed botties at least. 

Solution B was slightiy alkaline with sodium bicarbonate 

in presence of sodium tartrate. On this solution after five 

months there was developed in addition to a fungus growth a 

deposit, probably antimonious oxide ; there was here a slight 

♦ From Am. Jour. Sci., xlvi, 206. 
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loss in the strength of the solution, amounting to 1 per 
cent. 

Solution C was acid with tartaric acid only. After ten 
months the solution was found of the same strength and 
clearness as it was originally: but four months later there 
was a slight deposit accompanied by a loss of 1.2 per cent. 

Parallel experiments to A gave like results. Two repeti- 
tions of C with varying amounts of tartaric acid present 
showed in each case a decided fungus growth with no loss 
of strength at the end of five months, whereas at the end 
of nine months the loss amounted to 1 per cent for the 
larger amount of tartaric acid and 0.3 per cent for the smaller 
amount. 

It seems then that there is little danger of any oxidation of 
the antimonious oxide occurring, and provided enough tartaric 
acid is present to keep all the antimonious oxide in solution, 
the solution should maintain its strength for at least five or 
six months. The fimgus growth has not been found to 
interfere in practical work with the solutions, yet it seemed 
advisable to prevent its formation if it could be done simply. 
To test the possibility of this, a number of solutions were 
prepared containing varying amounts of hydrochloric acid, 
which should act as a sterilizer; enough tartaric acid was 
added to coimteract any tendency toward precipitation. In 
one series of experiments the solutions were sterilized at the 
beginning by boiling ; in the other series distilled water which 
had been exposed more or less to the air for a number of days 
was directly used. Where the solutions had been thus steri- 
lized no sign of fungus growth had appeared at the end of 
five months, and in the case of the unsterilized solutions there 
was never more than a trace. Where the hydrochloric acid 
present was not more than 10 cm' to 500 cm' of water, there 
was at the end of three months only the faintest trace of a 
deposit and no material loss of strength. Where the hydro- 
chloric acid was present to the extent of 25 cm' in 500 cm' of 
water a decided granular precipitate was observed, accompanied 
by a loss of strength of about 10 per cent. The granular pre- 
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cipitate when dissolved in tartaric acid and titrated accounted 
almost exactly for this loss. 

A number of solutions were prepared under varying condi- 
tions and left open to the air for three months, at the end of 
which time no loss from oxidation was found. 

It may be seen that tartar emetic in a solution of 16 grms. 
to the liter is not oxidized either in closed or open bottles. K 
it is desired to keep this solution as a standard for a moderate 
length of time it can be done in presence of enough tartaric 
acid (20 to 30 grms. to the liter) to prevent precipitation. 
The addition of 1 cm^ hydrochloric acid to one liter of solution 
is enough to prevent any decided formation of fungus growth, 
at the same time not enough to cause a deposit as happens 
when large amoimts of hydrochloric acid are used. 

In the titration of tartar emetic in presence of starch the 
permanent blue color was taken in every case as the indication 
of the end reaction, as all other shades of color were found 
unsatisfactory. It is a weU known fact that in the titration of 
antimony salts the color of the starch iodide is not developed 
until there is a considerable excess of iodine present, so that 
as compared with arsenious oxide, iodine gives high results 
with antimony. Thus, for example, the mean of six series of 
determinations made at various times and aggregating twenty- 
nine determinations showed the presence of 43.96 per cent of 
antimonious oxide in tartar emetic. (Sb = 120 and tartar 
emetic KSbOC4H40« . JHsO. = 332, requiring 43.37 per cent) 

The facts above shown, that tartar emetic may be kept in 
stable solution by means of tartaric acid and hydrochloric acid 
in the proportions given, make it possible to use and keep such 
solutions for standardizing iodine for the determination of 
antimony, and thus to eliminate the error due to the tardy 
development of the starch iodide blue in presence of antimony 
salts, observed when compared arsenious oxide is used as a 
standard. 
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ON THE ESTIMATION OF CHLORATES AND 

NITRATES, AND OF NITRITES AND 

NITRATES, IN ONE OPERATION. 

By charlotte F. ROBERTS.* 

It has been shownf by Gooch and Gruener that nitrates 
may be estimated most accurately by treatment with manganese 
chloride, the chlorine thus liberated being collected in potas- 
sium iodide, and the amount of iodine set free determined by 
titration with sodium thiosulphate. In a recent paper J I 
have shown that good results are also obtained by treatment 
of the nitrate with ferrous chloride, and collecting and meas- 
uring the nitric oxide evolved over sodium hydroxide with 
the apparatus described and pictured in that article.§ 

This apparatus consists essentially of a small retort fitted 
with a hollow, ground-glass stopper prolonged beneath in a 
tube, and joined above with two branching tubes through one 
of which carbon dioxide may enter, and the other of which is 
attached to a funnel-tube with stop-cock, through which 
liquids may be introduced without admitting air. The retort 
is connected with a small condenser, which in turn is attached 
to a Will and Varrentrapp tube containing potassium iodide, 
and this with a Hempel burette containing a strong solution 
of sodium hydroxide. In the experiments described, the 
potassiimi nitrate was introduced into the retort, carbon 
dioxide passed through imtil the air was completely driven 
out, and then ferrous chloride added through the funnel-tube. 
After heating, and passing a current of carbon dioxide through 

* From Am. Jour. Sci., xlvi, 231. 
t Am. Jour. Sci., xlir, 117. This rolume, p. 182. 
t Am. Jour. Sci., xlyi, 126. This Yolnme, p. 203. 
§ Fig. 8, p. 20a 
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the apparatus, the volume of gas unabsorbed by sodium 
hydroxide was measured at the observed temperature and 
pressure, and from this the weight of potassium nitrate was 
calculated. This is merely a special form of a very common 
method of estimating nitrates, but the apparatus is in a form 
which can be conveniently handled and which readily adapts 
itself to other uses beside the simple determination of nitrates. 
In a mixture of chloric and nitric acids, for example, it 
becomes possible by a combination of the two above-named 
methods for estimating nitrates, and the use of the apparatus 
described, to determine in one operation the amounts of each 
present. A method for the determination of chlorates which 
has long been in common use consists in treatment with 
hydrochloric acid, the liberated chlorine being conducted into 
potassiimi iodide, and the iodine set free determined by titra- 
tion with sodium thiosulphate. This method is entirely 
analogous to the first mentioned method of determining 
nitrates, the only difference being that in the latter case a 
solution of manganous chloride in hydrochloric acid is used 
instead of the acid alone. In case of the nitrate, however, 
there is a second product, nitric oxide, which may be collected 
and measured. It would then seem possible, with the use of 
the apparatus heretofore described, to treat a mixture of a 
chlorate and nitrate with manganous chloride, pass the resulting 
gases through potassiimi iodide, and then into the Hempel 
burette. The amoimt of nitric oxide will give at once the 
amount of nitrate present. The iodine liberated will give the 
total chlorine set free by the reduction of the nitrate and 
chlomte. After that which is due to the nitrate determined 
has been deducted, we have an exact measure of the chlorate 
present. 

To verify these presiunptionrf, a few preliminary experiments 
were first made with potassium chlorate alone. In tiiese, and 
all of the following experiments, great care was taken that 
the escaping gases should only come in contact with glass. 
Between the condenser and Hempel burette were two Will 
and Varrentrapp tubes sealed together and containing potas- 
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sium iodide, and generally a Geissler bulb containing potassium 
iodide was also added to make sure that no chlorine escaped 
absorption. The potassium chlorate was weighed out and 
introduced into the retort, air driven out by carbon dioxide, 
and then manganous chloride added through the funnel-tube. 
The liquid became dark at once, and a short heating sufficed 
to restore it to its original clear, light-green color. When this 
was accomplished, a current of carbon dioxide was passed 
through the apparatus, the bulbed tubes were disconnected, 
and their contents titrated with sodium thiosulphate. The 
following results were obtained from five trials: 
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Working in the same way with a mixture of potassium 
chlorate and potassium nitrate, and estimating the amount of 
nitrate first from the nitric oxide produced, the following 
results were obtained: 
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Difference. 


(1) 

(2) 
(8) 
(4) 
(5) 
(6) 


( Potassium chlorate 
1 Potassium nitrate 
( Potassium chlorate 
} Potassium nitrate 
( Potassium chlorate 
1 Potassium nitrate 
( Potassium chlorate 
{ Potassium nitrate 
( Potassium chlorate 
( Potassium nitrate 
( Potassium chlorate 
( Potassium nitrate 


gnn. 
0.0500 
0.0600 
0.0500 
0.0500 
0.1000 
0.1000 
0.1000 
0.1000 
0.0800 
0.1000 
0.1000 
0.0800 


gnn. 
0.0615 
0.0494 
0.0608 
0.0493 
0.0987 
0.0995 
0.1007 
0.0980 
0.0805 
0.0990 
0.1006 
0.0293 


gnn. 
0.0015 
0.0006 
0.0008 
0.0007 
0.0013 
0.0005 
0.0007 
0.0020 
0.0005 
0.0010 
0.0006 
0.0007 



The method is simple, rapid, and easy, and sufficiently 
accurate for most analytical work. One objection that may 
be urged against it is that any error in the determination of 
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the nitric acid involves a corresponding error in the amount of 
chloric acid, but the above results show that such errors will 
be quite small if the experiment is conducted with proper 
precautions. 

It also appeared probable that a nitrate and nitrite could be 
estimated at one operation in a somewhat similar manner. By 
the action of manganous chloride on a mixture of nitric and 
nitrous acids, nitric oxide and iodine would be set free from 
each. Representing the weight of nitric oxide foimd by a, 
and the weight of iodine found by 6, and letting x equal the 
amoimt of nitric acid operated upon, and y the amount of 
nitrous acid, 

379.5 . 126.5 

whence, x = 0.249 b — 1.049 a 

y = 2.35 a -0.186 ft 

In the attempt to verify these formulas by experiment, a 
little difficulty was found in getting a pure and stable nitrite 
upon which to operate. Some silver nitrite was prepared by 
precipitation from potassium nitrite and silver nitrate. This 
was washed well and dried as thoroughly as possible over 
sulphuric acid in the dark. Weighed portions were put in the 
retort, and after the air was expelled, manganous chloride was 
added. The amount of silver nitrate was then estimated from 
the iodine set free in the bulbed tubes, and also from the nitric 
oxide left in the Hempel burette. The results varied from 
one another by 4 or 5 per cent on different portions, but a 
few trials were sufficient to indicate that the trouble lay in 
the silver nitrite and not in the process itself. The percentage 
of purity as obtained from several trials by ignition was 98.4 
per cent. The average of ten trials estimating from nitric 
oxide gave 98.1 per cent, and from the liberated iodine 98.7 
per cent. This was uniformity enough to indicate that the 
method of work was trustworthy, although there was appar- 
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ently such a lack of homogeneity in the silver nitrite as to 
make it impossible to use it in testing the value of the formula 
given above. 

To obviate this difiSculty, more silver nitrite was precipi- 
tated, well washed, dissolved in warm water, and a solution 
of sodium chloride added. The silver chloride was then 
filtered off, and the resulting solution of sodium nitrite was 
used in the following experiments. To determine the strength 
of this solution, ten or fifteen cubic centimeters were drawn off 
from a burette, and the nitrite estimated with potassiimi 
permanganate according to the method of Kinnicutt and Nef .* 
At the same time, similar amoimts were introduced into the 
retort with manganous chloride, and the nitrite estimated 
both from the liberated iodine and the nitric oxide formed. 
It was found that the air must be thoroughly driven out of 
the apparatus before the nitrite was introduced, as the carbon 
dioxide, passing over the solution, decomposed it with libera- 
tion of nitric oxide which, in presence of air, gave an excess 
of free iodine, and at the same time a little gas was lost. 
Accordingly, carbon dioxide was first passed through the 
apparatus for some time, then the nitrite was introduced 
through the funnel-tube and rinsed in with a little water, 
followed by the manganous chloride solution, care being taken 
that the water should not exceed one-third of the total volume 
of the liquid, according to the precaution shown to be neces- 
sary by Gooch and Gruener. Working in this way with the 
solution of sodiimi nitrite, the following results were obtained: 



Kxp. 


Vol. 
taken. 


Weight reckoned 
fromKHn04. 


Weight reckoned 
from NO. 


Weight reckoned 
from iodine. 




cm. 


gmu 


grm. 


grm. 


(2 


10 


0.0468 


0.0456 


0.0460 


10 


0.0460 


0.0460 


0.0470 


(3) 


16 


0.0704 


0.0708 


0.0722 


(4) 


16 


0.0690 


0.0712 


0.0760 


(6) 


16 


0.0701 


0.0704 


0.0722 


(6) 


16 


0.0688 


0.0696 


0.0696 


(7) 


16 


0.0706 






(8) 


16 


0.0712 




' 



• Ann. C] 



,▼, 
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It will be seen that the results reckoned from the iodine are 
in general larger than those obtained by either of the other 
methods. This is what might be expected on account of the 
difficulty of completely removing air from the apparatus and 
solutions employed, and such air would naturally cause an 
excess of iodine. In (4) especially it will be noticed that we 
have an abnormally large amount of iodine set free, and this 
may undoubtedly be attributed to air, since it was observed 
that the current of carbon dioxide was rather sluggish at the 
time of that experiment. 

The average of the above-recorded experiments would give 
as the value of fifteen cubic centimeters, from the method of 
Kinnicutt and Nef, 0.0697 grams, from the nitric oxide, 0.0699 
grams, and from the iodine 0.0711 grams. If we assume that 
the mean weight per fifteen cubic centimeters is represented 
by the average of these three modes of determination, we 
obtain 0.0702 grams, and that is the number which is used in 
the following determinations to represent the weight of sodium 
nitrite in fifteen cubic centimeters of the solution. The 
following experiments were made in the same way as the 
preceding, except that potassium nitrate was introduced in the 
dry state before the air was driven out of the apparatus, and 
the results were calculated from the formula given above. 



Exp. 




Weighto taken. 


Weighto found. 


Difference. 






gnn. 


gnn. 


gnn. 


(1) 


( Sodium nitrite 
( Potassium nitrate 


0.0702 


0.0718 


0.0016 


0.1000 


0.1000 


0.0000 


(2) 


( Sodium nitrite 
1 Potassium nitrate 


0.0702 


0.0712 


0.0010 


0.1000 


0.0999 


0.0001 


(3) 


( Sodium nitrite 
{ Potassium nitrate 


0.0702 


0.0710 


0.0008 


0.1000 


0.1004 


0.0004 


(4) 


{ Sodium nitrite 
\ Potassium nitrate 


0.0702 


0.0698 


0.0004 


0.1000 


0.1012 


0.0012 


(6) 




Sodium nitrite 


0.0468 


0.0463 


0.0016 




Potassium nitrate 


0.1000 


0.0994 


0.0006 


(6) 




Sodium nitrite 


0.0468 


0.0444 


0.0024 


\ Potassium nitrate 


0.0600 


0.0613 


0.0013 



Though the process is one in which the most perfect 
accuracy cannot be assured in all cases, the above results show 
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that it is capable of giving fairly accurate results, sufficient 
for many analytical purposes. It seems to be especially well 
adapted to the estimation of the commercial alkali nitrites, the 
whole determination being made on one portion and by one 
operation, instead of on two different portions. 



16 



XXIX 

ON THE SEPARATION OF COPPER FROM 
CADMIUM BY THE IODIDE METHOD. 

By PHILIP E. BROWNING.* 

The separation of copper from cadmimn by the precipitation 
of the cuprous iodide by appropriate means has long been 
known. Pisanif mentions the fact that potassium iodide can 
be used to effect precipitations and claims that a satisfactory 
separation can be made in this way. FlajolotJ states that 
potassium iodide cannot be used as a precipitant on account of 
the solubility of cuprous iodide in that reagent, nor can 
hydriodic acid be employed if nitric acid is present. He 
recommends that the solution containing copper be brought 
to acidity with sulphuric acid, that a considerable excess of 
sulphurous acid be added and that the precipitation be effected 
by hydriodic acid. Under this treatment he finds that only 
an unweighable or at least a very small trace of copper 
remains dissolved. Kohner§ in a paper of more recent date, 
in which he reviews the various methods for the separation of 
copper from cadmiimi, states that the iodide method is im- 
practicable on account of the solubility of cuprous iodide both 
in excess of hydriodic acid and in potassium iodide. 

The work to be described was undertaken to determine if 
possible imder what conditions the method may be safely used. 
Solutions of copper and cadmium sulphates were made and 
standardized by treating definite portions, measured from 
burettes and weighed, by appropriate means, the average of 

» From Am. Jour. Sci., xlvi, 280. 

t Compt. rend., xlvii, 294. 

t Jour, prakt. Chem., Ixi, 105. 

§ Zeitschr. anal. Chem., xxrii, 203. Jour. Anal. Chem., ill, 839. 
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closely agreeing results being taken as the standard. A 
solution of potassium iodide of approximately ten per cent 
strength, was used throughout the work. The amount of the 
copper solution generally taken (25 cm^) contained about 0.12 
grm. of copper and the potassium iodide necessary to com- 
pletely precipitate the iodide was about 0.6 grm. or 6 cm^ of 
the solution. I have in no case used less than 10 cm^ or 1 
grm. of the iodide. In experiments (1) and (2) the free 
iodine separating on the addition of the potassium iodide was 
bleached with sulphurous acid and the cuprous iodide filtered 
off immediately. In experiment (8) no sulphurous acid was 
added but the solution was boiled until a considerable amount 
of the free iodine was expelled. In experiment (4) the 
boiling to expel the free iodine completely was necessarily 
carried on imtil the solution was evaporated nearly to dry- 
ness. Experiments (5) to (14) were made to show the effect 
of varying amounts of potassium iodide, and were all conducted 
in the same manner, the standard copper solution being 
measured from a burette into a counterpoised beaker and 
weighed, the potassium iodide in solution added, the whole 
evaporated to dryness to insure the expulsion of the iodine, 
and water added to the amount indicated in the table. The 
filtration was made under gentle pressure, by means of a 
Bimsen filtering flask on an asbestos felt contained in a per- 
forated platinum crucible, the whole having been previously 
ignited and weighed. It is advisable to use a moderately 
thick felt and not to allow the felt to run dry nor to remove 
the pressure during the filtration, on account of the tendency 
of the cuprous iodide to pull through under these conditions. 
The precipitate was washed thoroughly with either hot or cold 
water, the washings never amounting to less than 100 cm^ 
The crucible containing the cuprous iodide was placed in an 
air bath and the precipitate dried at a temperature between 
120° C. and 150° C, and weighed. The first weight was 
uniformly constant. It would seem from experiments (4) to 
(12) that a moderate excess of potassium iodide has no great 
solvent effect upon the precipitated cuprous iodide, while free 
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iodine and laige amounts of hydriodic acid have a decided 
solvent effect as shown in experiments (1), (2), (8). In two 
cases where 1 grm. and 2 grm. respectively of potassium 
iodide were used to precipitate about 0.12 grm. of copper the 
filtrate from the first gave no reaction with either ammonia or 
acetic acid and potassium ferrocyanide, and the second gave 
no reaction with ammonia and with potassium ferrocyanide 
only a trace. 

SERIES L» 



Kip. 


Capper 

UkAD, 




ErnjT 
in topper. 


EIu»<L 


Ftnil voluzQfl 




gniL 


gnn. 


grm. 


gim. 


em* 


1^' 
(2) 


0.1 1S9 


0.im>3 


0,0096- 




800 


0.1197 


0.1060 


0.0147- 




300 


(3) 


oaioi 


0.1D56 


0.0135- 




300 


W 


O.UfM 


0.1180 


0.0005-- 




300 


(5) 


0.1104 


0.1196 


0.0O02+ 




100 


: (e) 


0.1191 


0,1194 


0.0003-h 




100 


, *T) 


0.H93 


0.1198 


0,0000 


2 


100 


(8) 


0.0049 


0.0045 


0.0004^ 


2 


100 


m 


0.0061 


0004T 


0.0004- 


2 


100 


(10) 


0.1196 


0,1 L96 


0.0000 


B 


lOO 


' [l^ 


0.1192 


0J188 


0.0004™ 


4 


100 


(12) 


0.1191 


OJ 189 


0.0O02-- 


4 


200 


(IS) 


0.1193 


0J182 


0.001 1- 


6 


200 


(14J 


diss 


0.1179 


0.0014- 


6 


200 



These filtrates before testing for copper were treated with 
potassium nitrite and sulphuric acid to remove the iodide and 
oxidize the copper. I have no doubt that when the potassium 
iodide is in excess some copper goes into solution, but the 
amoimt is very small unless the excess of iodide is very great. 
I may add here that when the potassiiun iodide is in very large 
excess the mixture of potassium iodide and cuprous iodide 
melts as the solution becomes concentrated by evaporation 
and a solution is obtained having a deep iodine color. This 
color does not disappear on farther evaporation and the result 
obtained upon filtering the cuprous iodide after dilution with 
water invariably shows considerable loss. In the event of 
noticing the phenomenon mentioned it is best to throw aside 

* The copper is calculated as the metal in this table. 
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the determination before completion and start another using 
less of the iodide. 

The separation of the copper from the cadmium was taken 
up next Definite portions of the cadmium solution were 
measured into the same beakers with the copper solution and 
weighed, and enough potassium iodide was added to precipitate 
the whole as cuprous iodide if no cadmium were present. 
The solution was evaporated to dryness to remove iodine and 
diluted to the amount stated in the table. The precipitated 
cuprous iodide was filtered upon an asbestos felt, thoroughly 
washed, dried, and weighed as before described. The filtrate 
and washings contained, of course, the cadmium together with 
the excess of potassium iodide and potassium sulphate formed 
in the reaction, and the determination of the cadmium was 
not as simple a matter as might at first be supposed. In the 
presence of potassium iodide, hydrogen sulphide did not give 
a precipitate in acid or neutral solution which could be filtered. 
After removing the potassium iodide, however, by treating 
with sulphuric acid and potassium nitrite, it was found to be 
possible to precipitate all the cadmium as ^phide, but in such 
form that filtration was extremely slow, which was peculiarly 
disadvantageous in this case inasmuch as the presence of 
the large amount of alkaline salts present made prolonged 
washing of the sulphide necessary. Ammonium sulphide 
gave better results, the precipitate falling in good form even 
in the presence of potassium iodide, but here also the slow 
filtration was a disadvantage. I have had recourse therefore 
to the method of precipitating by sodium carbonate and 
weighing as oxide. This method has generally been regarded 
as inaccurate, but my experience has shown lliat it is one of 
the best of the processes employed for the estimation of 
cadmium when the filtrations and ignitions are made upon 
asbestos. Two determinations of tiie cadmium alone gave 
results agreeing closely witli the standard detenninations 
made by evaporating definite portions of the solution of 
the sulphate to dryness and ipn&ag at low redness and 
weighing as the anhydrous snlphata 
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The filtrate contaming the cadmium was heated to boil- 
ing and sufficient sodium carbonate added to complete the 
precipitation. On further boiling the precipitate became 
granular and filtered easily. The precipitate was washed 
with hot water several times by decantation, the washings 
being passed through the felt to prevent loss of any of the 
precipitate. Washmg was continued until the filtrate gave 

SERIES n. 



lExp. 


ter 


Copper 

found 

(weighed 

M Cu,!,). 


Bnror 

on 
copper. 


Cad- 
taken. 


Cadmium 

found 
(weighed 
aa CdO). 


Enor 
on 


KI 
uaed. 


found 
TolTune 

of 
liquid. 


P 

(4) 
(6) 
(6) 
(7) 
(8) 
(9) 
(10) 


gnn. 
0.2388 
0.1192 
0.1193 
0.1188 
0.1201 
0.1198 
0.0239 
0.0286 
0.0289 
0.0288 


gnn. 
0.2386 
0.1186 
0.1194 
0.1190 
0.1201 
0.1193 
0.0238 
0.0289 
0.0242 
0.0238 


gnn. 
0.0003-f- 
0.0007- 
0.0001+ 
0.0002+ 
0.0000 
0.0000 
0.0001- 
0.0008+ 
0.0003+ 
0.0000 


gnn. 
0.0484 
0.2439 
0.1942 
0.2422 
0.2426 
0.2486 
0.1934 
0.1942 
0.1444 
0.1467 


gnn 
0.0490 
0.2440 
0.1942 
0.2421 
0.2428 
0.2488 
0.1982 
0.1986 
0.1442 
0.1461 


gnn. 
0.0006+ 
0.0001+ 
0.0000 
0.0001- 
0.0002+ 
0.0003- 
0.0002- 
0.0006- 
0.0002- 
0.0006- 


gnn. 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 


cm* 
100 
100 
100 
200 
100 
100 
100 
100 
100 
100 



no reactions for either sulphate or iodide. The crucible 
containing the carbonate was heated gentiy at first, then 
gradually to a higher degree until the lower half of the 
crucible was red and the white carbonate had changed to the 
brown oxide. This heating was repeated imtil a constant 
weight was obtained. In some of the separations the faintest 
suspicion of a blue color in the carbonate suggested the 
presence of the fraction of a milligram of copper which 
probably escaped the separation process. The method is 
simple in manipulation and the results are fairly accurate* 
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THE DETECTION AND SEPARATION OP 

ARSENIC ASSOCIATED WITH 

ANTIMONY AND TIN. 

By F. a. GOOCH and B. HODGE.* 

Upon the well known fact that hot strong hydrochloric acid 
is capable of dissolving the sulphides of antimony and tin 
while exerting solvent action to a very slight degree upon 
arsenious sulphide is based the simplest and most rapid 
method in common use for the separation of arsenic from 
antimony and tin. Unfortunately, however, the forcible 
treatment necessary to bring about the solution of large 
amounts of antimony is sufficient f to dissolve small quan- 
tities of arsenious sulphide, so that for the purposes of 
general analysis the method is inadequate. Koehler J has 
shown that only the arsenic is precipitated, and that very 
completely, when hydrogen sulphide acts upon the solution 
of arsenious and antimonious salts in hydrochloric acid of 
20 per cent strength, but the adaptability of Koehler's 
treatment to the detection of arsenic in the ordinary course 
of analysis is limited by the necessity of so constituting the 
solution to be tested that hydrogen sulphide shall occasion 
no deposit of free sulphur to conceal or be mistaken for a 
precipitation of arsenious sulphide. In the course of analysis 
the mixed sulphides of arsenic, antimony, and tin, remaining 
after the removal of the sulphides insoluble in alkaline 
sulphides and recovered from solution by the action of 
hydrochloric acid, require for their complete solution the 

• From Am. Jour* Sci.p xItu, 382. 
t Rofle-Fiiik«DeT, Anal, Chem., ii, 423. 
t Z^t- 1Q4L CbAiiLjSxiX} 192, 
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action of an oxidizing agent which must, of course, interfere 
with the immediate use of Koehler's method. If simple 
means can be found for the destruction of the excess of the 
oxidizing agent and the simultaneous reduction of the arsenic 
and antimony to the lower condition of oxidation, it is plain 
that the test for arsenic by passing hydrogen sulphide into 
the solution of antimony and tin in hot hydrochloric acid of 
half-strength should be sure and easy. In a former paper 
from this laboratory • a method was described for the quanti- 
tative separation of arsenic from antimony, based upon the 
reduction and volatilization of salts of arsenic by the action 
of a current of gaseous hydrochloric acid upon the solution 
containing potassium iodide. It is this reaction — the 
reduction of arsenic and antimony and the volatilization of 
the former by the simultaneous action of potassium iodide 
and hydrochloric acid — which we have now endeavored 
to apply in simple form to the rapid detection of small 
amounts of arsenic associated with antimony and tin. We 
have studied the effect of repeated distillations of small 
portions of concentrated hydrochloric acid upon mixtures of 
the salts with potassium iodide. The apparatus which we 
employ is essentially the distillation apparatus of Mohr, and 
consists of a 25 cm^ flask fitted by means of a rubber stopper 
to a pipette bent, drawn out at the lower end, and dipped into 
a test tube which is at the same time supported and cooled in 
a flask partly filled with water. The pipette tube is wide 
enough (about 0.7 cm. in diameter) to prevent the formation 
of bubbles within it, and the bulb, holding about 20 cm^ is 
sufficiently large to retain any liquid which may be momen- 
tarily forced back by the accidental cooling of the flask during 
the distillation. 

In the test experiments recorded below the arsenic was 
introduced into the flask in the form of arsenic acid dissolved 
with 8 grm. of potassium iodide in 5 cw? of water, an equal 
volume of the strongest hydrochloric acid (sp. gr. 1.20) was 
added, the distillation was carried nearly to dryness, and the 
* Gooch and Danner, Am. Jour. ScL, xlii, 808. This yolume, p. 86. 
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distillate was condensed in 10 cm' of a mixture of strong 
hydrochloric acid and water in equal parts. The iodine 
evolved during the distillation was bleached by the addition 
to the distillate of stannous chloride dissolved in hydroclilorio 
acid of half-strength, and hydrogen sulphide was passed to 
precipitate the arsenic if present. The residue in the flask 
was treated with 10 cm* of the strongest hydrochloric acid 
and the process of distillation was repeated, but tliis time tlio 
distillate was condensed in 10 cm* of water in order tlmt 
the final acidity of the liquid should be tliat of aeid of 
half-strength, and so, after bleaching by Htaunoun ol^lorlde, 
immediately available for the test for arsenic by liydrogan 
sulphide. Subsequent treatmente of the resiilue were carried 
out similarly until arsenic ceased to appear m Uxa dlntUIftte, 

The results of experimente (1) to (6) show tlmt four 
successive distillations of 10 cm* portions of the wtrongeat 
acid are enough to transfer 0.01 grm. of arsenic completely 
to the distillate, while a single distillation appaavH to be 
sufficient to volatilize anything less than 0.003 grm. 

Experiments (6) to (9) made similarly with antimony, 
taken in the form of purified tartar emetic and oxidized by 
iodine in alkaline solution previous to treatment, eitlier alone 
or with arsenic, show that antimony is discoverable in the 
residues when even so little as 0.0001 grm. of that element 
is originally introduced, though it was very evident that a 
portion of ihe antimony may pass to the distillate when much 
of it is present in the flask. Indeed when large quantities of 
antimony are treated the appearance of the brownish-red 
fumes of antimonious iodide in the distilling tube may serve 
as a veiy good indication that the concentration should go no 
further, since the antimonious iodide may, if it reaches the 
receiver in quantity, impart to the distillate a color which is 
not discharged, by the stannous chloride used to bleach the 
iodine and which makes it necessary to look subsequently for 
a precipitate of arsenious sulphide in a liquid of ite own tint. 
The amount of antimony volatilized seems to be proportioned 
to the amoimt present, and, if the distillation is properly 
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conducted, enough antimony remains in the residue to be 
foimd if it was originally present in discoverable quantity. 
The results of similar work with tin alone, and with tin 
and arsenic, are recorded in experiments (10) to (15), and the 
evidence goes to show that, though like antimony it may pass 
to the distillate under the conditions, enough tin always 
remains to be foimd in the residue, if the amount originally 
taken was discoverable. 



Exp. 



Araenio 
taken as 
H,0,AaO. 



Antimony 
taken as 
HsOsSbO. 



Tin 
Ukenai 
SnCV 



Precipitation by 
H,8 in suooeeaiTe 



Precipitation Iqr 

Ha8 in the reddne 

diBSolvedin 

water. 



(1) 

(2) 
(8) 
(4) 
(6) 
(6) 
(7) 

(8) 

(9) 
(10) 

(11) 

(12) 

(13) 

(14) 

(16) 



grm. 
0.0001 

0.0083 

0.0060 

0.0100 

0.1000 

0.0050 
0.0001 
0.0100 

0.0100 
0.0001 
0.0100 
0.0001 
0.0100 



grm. 



grm. 



0.0001 
0.0001 

0.4 

0.4 



0.0001 
0.0001 

0.0005 

0.0005 

0.5 

0.5 



( L Found. 
]n. None, 
j L Found. 
JIL None, 
jl-m. Fonnd. 
]IV. None. 
jI-IV. Found. 
I V. None. 
jl-Vn. Found, 
tvra. None. 

I. None. 

I-IV. Found. 

V. None. 
I. Found. 

IL None. 

I-IV. Found. 

V. None. 

I. None. 
I-IV. Found. 
V. None. 

; L Found. 
^IL None. 

I-IV. Found. 

V. None. 

I. Found. 

II. None. 
I-IV. Found. 

\Y. None. 



None. 

None. 

None. 

None. 

None. 

Distinct color. 
Distinct color. 

Large. 

Large. 

Distinct color. 
Distinct color. 

Distinct 

Distinct 

Large. 

Large. 



It is plain that a single distillation, which may easily be 
completed in five minutes, is sufficient to discover the presence 
of 0.0001 grm. of arsenic associated with so much as 0.4 grm. 
or 0.5 grm. of antimony or tin. 

It is also evident that amounts of arsenic not exceeding 
0.003 grm. may be completely removed from the residue by 
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a single distillation. When larger amounts of arsenic are to 
be removed, so that the tin and antimony may be obtained 
free from that element, the result may be accomplished by 
repeating the distillation sufficiently ; or, inasmuch as only a 
little iodine remains after the first distillation, the end may 
be attained by dissolving the residue in hydrochloric acid 
of half-strength, bleaching the iodine with exactly the 
necessary amount of sulphurous acid or sodium thiosulphate 
(since tJie use of the stannous chloride is here precluded), 
and passing hydrogen sulphide. 
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ON THE BLUE IODIDE OF STARCH. 

By charlotte F. ROBERTS* 

The interesting article by Myliusf on the composition of blue 
iodide of starch, and the reply to the same by Stocksjf have 
suggested to me a few simple experiments, the record of 
which will perhaps be interesting to others who, like myself, 
may have been puzzled to decide between the adverse views, 
especially since the papers above referred to are somewhat 
lacking, in certain portions, in experimental evidence of the 
facts stated. 

Mylius derives as the formula for the blue iodide of starch 
(CeHio06l)nHI, in which n probably equals 4, and states that 
it is formed by the union of the colorless, or yellow, compound 
CeHioOsI with hydriodic acid or one of its salts. He afllrms 
that a pure solution of iodine and starch gives no blue color, 
but that the liquid must contain an iodide, a trace of which is 
sufficient to bring about the desired result. 

My own study of the blue iodide of starch may be considered 
under two heads : 

1st. Its Decompositions. 

2d. The Conditions of its Formation. 

1. Decomposition of Starch Blue. 

(a) By heat. The effect of heat on the blue iodide of 
starch is well known. If moderately heated, the blue color 
returns on cooling, but if strongly heated, in an open vessel, it 

« From Am. Jour. Sci., xlvii, 422. 
t Ber. Dtsch. chem. Ges., xx, 688. 
X Chem. News, IyI, 212. 
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remains permanently colorless. The explanations of this 
change, however, have been varied, some authorities stating 
that all of the iodine is driven ofif by the stronger heat, others 
that it is converted into iodic acid, and still others that the 
product of the reaction is hydriodic acid. Stocks affirms the 
Jast, and a very simple experiment seems to support this view. 
If to the cooled, coloriess liquid, a few drops of iodic acid be 
added, the clear blue color is immediately restored. This 
experiment was performed in a platinum vessel, and the same 
results were obtained whether iodic acid were used alone or 
mixed with dilute sulphuric acid, though the latter acid by 
itself has no effect in restoring the color. That \maltered 
starch remains in this solution after heating, is proved by the 
fact that a drop of iodine colors the cold solution blue. 

While the fact that hydriodic acid is split off from the 
iodide of starch under the influence of heat cannot be used as 
an argument either for or against Mylius's views, these 
phenomena are perhaps what might be expected if his views 
be correct. The first effect of heat seems to be to produce a 
kind of dissociation, the hydriodic acid splitting off from the 
rest of the molecule and going back into it when cooled, but 
upon longer heating the iodine which is directly united with 
the starch molecule is either driven from the liquid or converted 
into hydriodic acid. Upon the addition of iodic acid, some 
iodine is set free which, along with the hydriodic acid, unites 
with the starch to form the blue color. These phenomena are 
thus shown to be in harmony with Mylius's theory, although 
no proof of its correctness. 

(6) By iodic acid. If some blue iodide of starch be pre- 
cipitated and well washed with dilute sulphuric acid, and then 
iodic acid added, the solid dissolves to an apparently colorless 
liquid. That this solution, however, contains free iodine, may 
be proved by adding chloroform, which becomes tinged a 
decided pink. This would indicate that the iodic acid acted by 
withdrawing hydriodic acid from the molecule, thus setting 
free iodine. 

((?) By a solution of a silver salt. One of the strongest 
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proofs which Mylius gives for the correctness of his views is 
that the blue color is destroyed by a silver salt, that the 
addition of pure iodine now does not restore the color, only 
turning it yellow, but that the addition of hydriodic acid or 
potassium iodide gives the blue at once. 

I have found, in fact, that a single drop of a very dilute 
solution of silver nitrate is sufficient to destroy the deep blue 
color in a test-tube full of liquid. A natural explanation, in 
the light of the preceding experiments, is that the silver nitrate 
withdraws hydriodic acid; and the ease and completeness of 
the change supports the view that this exists as such in the 
molecule, since in many organic compounds, the halogen is 
extracted only with difficulty if at all by silver nitrate. This 
view is still further supported by the fact that the blue color 
is immediately restored by the addition of a little hydriodic 
acid. The color is also restored, though not to its former 
depth, by the addition of a few drops of strong hydrochloric 
acid, or by a larger quantity of the dilute acid, though it is 
not affected by sulphuric acid. This can readily be explained 
on the supposition that the silver iodide is partially decom- 
posed by the hydrochloric acid, giving sufficient hydriodic acid 
to form some of the blue* iodide. That this is the correct 
explanation rather than that hydrochloric acid can be sub- 
stituted for hydriodic in the starch compound without changing 
its color is proved by filtering after adding silver nitrate, and 
adding hydrochloric acid to tJie filtrate, when no blue color is 
produced. 

If we concede that in all three of these cases the decom- 
position has been effected by a withdrawal of hydriodic acid, 
it certainly shows a tendency for that portion of the molecule 
to split off, which is suggestive of its existing already formed 
as such in the molecule, and in so far is in harmony with 
Mylius's views, though the mere fact that hydriodic acid is 
withdrawn is no proof that it goes into the molecule as such. 
The only portion of the above which can be considered at all 
as direct proof of Mylius's statement is that after the blue 
color has been destroyed by silver nitrate, it can be reformed 
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by the addition of hydriodic acid. This would seem certainly 
a strong argument in support of Mylius. 
We pass next to the consideration of 

2. The Conditions of Formation of Blue Iodide of Starch. 

Mylius makes three statements in regard to this which may 
be quoted here. 

(1) An aqueous solution of iodine cannot color starch blue, 
but the color appears immediately if a trace of hydriodic acid 
or potassium iodide be added. 

(2) Iodine solutions which color starch blue contain hydri- 
odic acid or one of its salts. 

(3) The presence of substances which destroy hydriodic 
acid, as, for example, chlorine and iodic acid, prevents the 
formation of starch blue. 

These different statements will be considered in the order 
in which they are here quoted, but (1) and (2) are so nearly 
identical that they cannot be kept separate. 

I have never succeeded in obtaining aqueous solutions of 
iodine and starch which, upon being mixed, did not produce 
a blue color, although great care was taken to avoid the 
possibility of any alkali from glass getting into the solutions. 
According to Mylius, this is the great cause of the presence 
of iodide in an iodine solution. In my experiments, the 
iodine was powdered, left standing for some time in a mixture 
of iodic and sulphuric acids, then washed thoroughly with 
water, and finally dissolved in water, all of these processes 
being carried on in a platinum dish. An emulsion of arrow- 
root, also well washed, was made in a platinum dish, and the 
two solutions were mixed in a platinum crucible. Notwith- 
standing all of these precautions, the blue color appeared 
immediately. This would seem to indicate that Mylius*s 
views were erroneous, but on the other hand, I was able 
to prove the presence of hydriodic acid in my aqueous 
solution, even thus ci ifully prepared. I did this by 
shaking the solution th chloroform and separating the 
two liquids with se ing fimnel, and repeated this 
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until the chloroform added remamed perfectly colorless. 
Then, upon the addition of a few drops of iodic acid, and 
shaking, the chloroform became faintly but undoubtedly 
tinged with pink. It is proved, then, that this liquid which 
colored starch contained hydriodic acid, but it stiU remains 
an open question whether this iodide was an impurity in 
the iodine, not removed by its repeated washings, which 
seems hardly probable, or whether it is formed whenever 
iodine dissolves in water, and is therefore, in traces, a 
necessary accompaniment of every iodine solution. 

That glass has more powerful action on an iodine solution 
than has generally been supposed cannot however be doubted. 
My own attention has been drawn to this fact by the differ- 
ence in behavior of the liquid which results when starch 
blue is heated in a glass tube and that which is formed when 
the same compound is heated in a platinum vesseL In the 
first case the cold, colorless solution is turned blue by the 
addition of any acid, whereas in the latter case, iodic acid 
is the only one which has this power. In case sulphuric 
acid is added to the liquid before heating in the test-tube, 
the color is not restored by any acid, even iodic. 

Although I have found it impossible to mix carefully 
prepared solutions of iodine and starch without getting a 
blue color, if only a drop or two of iodine be added to an 
excess of starch, the blue formed where the liquids first 
touch disappears in the mass of the liquid, and then the 
addition of hydriodic acid brings out the blue color dis- 
tinctly. This is in harmony with MyUus's statements, and 
also with the fact that in working with dilute solutions in 
a large bulk of alkaline liquid the delicacy of the starch 
test for iodine is increased by the addition of two or three 
grams of potassium iodide. 

In a further effort to prepare iodine free from iodides, I 
have taken an iodine solution, shaken it with chlorofonn, 
rinsed with water, and finally drawn ofif the chloroform solu- 
tion. Then, upon adding pure water and shaking some of 
the mixture with starch, the starch remains uncolored. If, 
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however, this mixtoie of iodine in chloroform and pure 
water be heated and then cooled, or if it be exposed to the 
sunlight in a platinnm dish for about an hour, the mixture 
acquires the power of coloring starch immediately, and the 
colorless aqueous portion of yielding iodine to chloroform when 
treated with iodic acid. The appearance of free iodine, indi- 
cated by the chloroform, showed that hydriodic acid had been 
fonned by the iodine and water on heating or in sunlight. 

It has just been shown that if a solution of iodine in 
chloroform be washed with water, separated from the aqueous 
portion, and starch added, there is no immediate change of 
color ; but the blue color may be brought out in three difiFerent 
ways: 

(1) By addition of a drop of dilute hydriodic acid« 

(2) By heating and then cooling the liquid. 

(3) By long standing. 

The eridence of (1) is a direct support of Myliu»*s views, 
and (2) and (3) may be considered as indirectly indicative 
of the same, since they give conditions under which hydriodic 
acid might presumaUy be developed. Further evidence in 
the same direction may be found in the following experiment* 
An emulsion of starch in chloiofofm was made, and to this a 
solution of iodine in chloroCoxm added. The color remained 
unaltered, but the addition of a little potassium iodide, either 
in the solid form or in aqueous solutKXi, immediately produced 
the blue color. The addition of pore water failed to give the 
Uue color until after «faitirifng for several boun. 

There seems, then, to be sofl&eieDt eviJeoce that all solO' 
tkms which fonn staid^ Une oontsin an iodide, and also, 
considering the ergenmeDiB with dikmxJConn, that mAntMmM 
btfA from h vdiiodic acid cannot pfodnee that ooloc, altbong^ 
in mj experisK^its I have not been able to make an a^jfue^ms 
BfAxJikm <ji kidine which did not turn staidii Une, and whieii 
did i^rjft contain hjdriodie aeid. 

We pass now to the thiidaigniDeDtof Mvlinsqiiotodabove, 
viz.: tLe deuirrent actiosi d chlooDe and io£e aeid on tiie 
iormssuon oi search Une. 

u 
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In regaad to the action of chlorine, Stocks quotes the 
suggestion of Miller that it may be due to the formation of 
iodine chloride, which is well known to have a destructive 
effect on the blue iodide of starch. But even granting this 
as an explanation, two questions remain to be answered; 
first, how is the iodine chloride formed, and second, what is 
its action on starch blue? It can hardly be supposed that 
the chlorine withdraws the iodine bodily from the organic 
molecule. A much more natural assumption would be that 
the chlorine decomposes hydriodic acid, setting free iodine; 
and here we have suflBcient cause for the destruction of the 
blue color. But granting that the reaction may go farther, 
and the iodine thus set free unite with an excess of chlorine 
to form iodine chloride, is not this also a body which might 
be expected to act by destroying hydriodic acid? I have 
found, in fact, that when iodine chloride is added to starch 
blue, iodine is set free, the result which might be expected 
if the iodine chloride acts upon the hydriodic acid in the 
compoimd according to the reaction : 

HI + ICl = HCl + I, 
This experiment was performed as follows : Iodine chloride was 
prepared by putting together potassium iodide and hydrochloric 
acid in an excess of iodic acid. It was then separated from 
the other bodies by extraction with ether, and to the ethereal 
solution starch blue was added. The color was taken from 
the starch, and the ether became darker and brown. To 
prove that this change in the ether was really due to free 
iodine, it was left standing over pure water for some time, with 
occasional shaking. Finally, some of this aqueous portion was 
shaken with chloroform, to which it gave the characteristic 
pinkish tinge. As iodine chloride gives no color to chloroform, 
this shows conclusively that iodine had been set free. 

There remains to be considered only the action of iodic acid 
on the iodide of starch. Its action on the precipitated blue 
after formation has already been referred to, so that, at this 
point, we need only consider its action in preventing the 
formation of starch blue. 
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It is an undeniable fact that when dilute solutions of iodine 
are used, iodic acid in sufficiently large quantities prevents the 
formation of starch blue both when used alone, and when used 
with other acids, but a much smaller amount of iodic acid is 
necessary if mixed with another acid, as for example, sulphuric 
acid. This may be explained either on the assumption of a 
more rapid action when sulphuric acid is used, as Landolt * has 
found to be the case in the reaction between iodic acid and 
sulphurous oxide, or in the case of ordinary iodine solutions 
prepared and kept in glass vessels, it may be supposed due to 
the fact that the liquid contains iodides and iodates derived 
from the glass. I have tried bringing together extremely 
dilute solutions of iodic acid and of potassium iodide, and 
f oimd that no perceptible amount of iodine is set free, though 
in more concentrated solutions the iodine is set free in nearly 
the quantitative yield represented by the equation : 

SKI + 6HIOs = SKIOj + 3H3O + 31, 

In this reaction, however, the amoimtof iodine found is always 
a trifle too low, probably due to the fact above shown, viz : 
that in very dilute solutions, the iodide and iodic acid do not 
react on each other, except in presence of another acid. The 
dilute sulphuric acid alone when added to starch blue does not 
bleach the color, but diminishes the intensity to an appreciable 
degree. 

The amoimt of iodic acid necessary to prevent the formation 
of the blue color depends not only on the amount of other 
acid present but also on the order in which the reagents are 
put together. Thus I have found in several cases that, with a 
definite amount of iodic acid and iodine, there was no color 
produced if the iodine, iodic acid, and sulphuric acid were 
mixed first, and left standing for some minutes or half an hour 
before adding the starch ; whereas, if the starch were put in 
first and the other three constituents added directly, a blue 
color would result which could only be destroyed on long 
standing and shaking, if at all. 

♦ : k -.1 cu^ XX, 746. 
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In general, the amount of iodic acid necessary to prevent 
the formation of the starch blue seems in very great excess of 
that which would be necessary to destroy all of the hydriodic 
acid which can possibly be present. It is only by following 
the precautions suggested above that the iodic acid needed can 
be made to bear any reasonable relation to this hydriodic acid. 
I have dissolved iodine in a mixture of iodic and sulphuric 
acids, and added starch and obtained unmediately a blue color, 
though naturally not as deep and intense as would be obtained 
without the iodic acid. This solution was as strong as possible 
of iodine, being made up with powdered iodine in a platinum 
dish, and containing always some of the undissolved solid. 
The liquid poured off from this, whether filtered or not, and 
even when it had considerable iodic acid added to it, refused 
under any circumstances to give a colorless liquid with starch ; 
and the same was found true even when it was left standing 
with additional iodic acid for half an hour before the starch 
was added. 
* These facts, and the fact that the purest possible freshly 
prepared aqueous solution of iodine may be shown to contain 
hydriodic acid, have suggested to me the possibility that 
hydriodic acid may be constantly forming in traces when 
iodine dissolves in water, and that, therefore, no aqueous 
solution can be free from it whether kept in glass or not, 
though there is no doubt that the glass may greatly increase 
the amount. So many facts seem to point to the truth that 
hydriodic acid or one of its salts is taken up as such into the 
molecule of the blue iodide of starch tliat the fact of the large 
amount of iodic acid necessary to prevent its formation can 
hardly be considered a sufficient argument agtdnst that belief, 
though we naturally question. what may be the reason for 
this necessary excess. There seem to me to be two possible 
explanations, either the iodic acid destroys hydriodic acid 
much less readily in dilute solutions than has been generally 
supposed, or some hydriodic acid is constantly being formed 
in an iodine solution, and perhaps the correct explanation lies 
in the union of these two. 
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Landolt* has made some investigatioii of the reaction 
between iodic acid and hydriodic acid in dilute solutions, and 
has found that in an extremely dilute solution, nineteen 
seconds may elapse before the fonnation of iodine makes itself 
manifest by the blue color given to starch. I have used even 
diluter solutions than he, and found that with 0.000009 giams 
iodic acid and 0.000033 grams potassium iodide in 20 cubic 
centimeters of water, no color appeared with starch untQ. 
several minutes had elapsed if only a small quantity of 
sulphuric acid was present, whereas if one-fourth of the liquid 
consisted of dilute sulphuric acid, a blue tinge appeared 
immediately. The completeness of the reaction in a given 
time, then, is seen to depend on the amount of sulphuric acid 
present, and there is nothing to show whether it is finally 
complete or whether there may be left traces of undecomposed 
hydriodic acid. 

If we assume that hydriodic acid is constantly being formed 
in traces in an iodine solution, and remember that the reaction 
between hydriodic acid and iodic acid is not an immediate one 
in the presence of a large quantity of water, we can understand 
why a considerable excess of iodic acid must be used in order 
to destroy completely the last traces of hydriodic acid and 
thus entirely prevent the formation of starch blue. 

•Ber. DtsdL chem. Get^ six, 1317. 
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THE DETECTION OF ALKALINE PERCHLORATES 
ASSOCLA.TED WITH CHLORIDES, CHLORATES, 
AND NITRATES. 

By F. a. GOOCH and D. ALBERT KREIDER.* 

Though perchloric acid in the free state is an exceedingly 
active body, its combinations with alkaline metals are, as is 
well known, so characterized by inertness toward ordinary 
reagents that in order to effect its detection it has been 
customary to place dependence either upon the insolubility 
of the potassium salt in alcohol, or upon tests for the corre- 
sponding chloride derived by ignition. 

In experimenting at high temperatures upon mixtures of 
potassium perchlorate with salts of the halogens we have 
found it possible to effect the liberation of the halogen to a 
greater or less degree by the oxygen of the perchlorate, but 
the amount thus evolved has never been suflBciently complete 
or regular to warrant the application of the reaction to the 
quantitative determination of the perchlorate. In two parallel 
experiments, for example, a mixture of the double chloride 
of aluminum and sodium with 0.05 grm. of potassium per- 
chlorate evolved in fusion in a tubulated flask (which was 
fitted by a ground joint to an inlet tube carrying a constant 
current of carbon dioxide and connected with Will and 
Varrentrapp absorption bulbs filled with a solution of potassium 
iodide), an amount of chlorine corresponding to 0.0482 grm., 
and 0.0460 grm. of the perchlorate. A similar experiment 
conducted in an atmosphere of hydrochloric acid gas and 
carbon dioxide in mixture yielded chlorine amounting to 
0.0477 grm. of the perchlorate. Fusion of the perchlorate 

* From Am. Jour. ScL, xlyiiL 
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with cadmium iodide resulted in the liberation of much 
oxygen accompanying the iodine, and a mixture of zinc 
chloride with potassium iodide (melting at about 200° C.)^ 
yielded a large evolution of oxygen which was somewhat 
diminished but not wholly prevented when manganese 
chloride was included in the mixture. A series of fourteen 
experiments in which mixtures of the perchlorate with potas- 
sium iodide were treated with meta-phosphoric acid (made 
by heating the syrupy ortho-acid to 360** C.) in an atmosphere 
of carbon dioxide showed deficits in the amounts of iodine 
evolved amounting to 1.7 per cent, on the average, between 
extiemes of 3.6 per cent in excess and 7.7 per cent in 
deficiency, and these particular experiments doubtless point 
to a more complete utilization of the oxygen of the perchlorate 
than was actually attained owing to the inevitable partial 
decomposition of hydriodic acid at the temperature necessary 
to effect the decomposition of the perchlorate. 

We have, however, succeeded in developing a simple and 
delicate method of detecting perchlorates, and one which 
may be applied without great sacrifice of delicacy to mixtures 
of the perchlorates with chlorides, chlorates, and nitrates. It 
is evident that for a rapid qualitative test conditions should 
be so chosen that the effect of atmospheric air shall not 
interfere with the certainty of the indication. Of the various 
salts which we have employed we choose by preference fused 
zinc chloride, chiefly because, while sufficiently energetic in 
its action upon the perchlorate, it does not, like manganese 
chloride or the double chloride of aluminum and sodium, 
evolve chlorine under the influence of ordinary air at the 
high temperature of the reaction. 

In the experiments recorded in Table I. portions of a solu- 
tion of potassium perchlorate were evaporated to dryness in 
a test tube and the residue was fused with anhydrous zinc 
chloride. A trap made by cutting off an ordinary two-bulbed 
straight drying tube was hung with the larger end downward 
in the test tube, after moistening the interior of the bulbs 
with a solution of potassium iodide. The chlorine evolved 
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during the heating was registered by the iodine set free from 
the iodide and subsequently washed with a little water from 
the trap and tested with starch emulsion. 



TABLE L 


KC10« taken. 


Indication by 
the starch tert. 


grm. 




O.OOIOO 


Strong. 


0.00060 


Strong. 


0.00020 


Strong. 


O.OOOIO 


Strong. 


0.00010 


Strong. 


0.00006 


Distinct. 


0.00006 


Distinct. 


0.00003 


Trace. 


0.00008 


None. 


0.00001 


None. 


0.00000 


None. 



The test for 0.00005 grm. of potassium perchlorate is sure 
and distinct ; and it is, of course, evident that the presence of 
a chloride in the original test can in no way interfere with 
the certainty of the indication. All substances, however, 
which yield chlorine by decomposition or by the action of the 
air must be removed or destroyed before the application of 
the test. We find by experiment that 0.1 grm. of potassium 
chlorate is completely broken up by treatment with 5 cm' of 
the strongest hydrochloric acid and evaporation to dryness. 
Nitric acid does not yield so readily to the decomposing 
action of hydrochloric acid and may be detected in the 
residue after four similar treatments. To destroy nitrates, 
therefore, we followed the general plan of decomposition 
employed in a quantitative method for the determination of 
nitrates previously elaborated in this laboratory ♦ and treated 
the dry substance to be tested with 2 cm' of a saturated 
solution of manganous chloride in the strongest hydrochloric 
acid. The liquid was evaporated to dryness, and the residue 
was again treated similarly with one or two cubic centimeters 
of strong hydrochloric acid. This method of decomposing 

* Gooch and Gruener, Am. Jour. Sci., xliy, 117. This yolume, p. \2SL 
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the nitrate is peculiarly adyantageous since the decomposing 
agent is itself an excellent indicator of the completeness of 
the work of removaL Two or three treatments serve to 
remove the nitrate entirely ; but before proceeding with the 
test it is necessary to remove the manganese which has been 
introduced, inasmuch as manganese chloride will of itself 
evolve chlorine, by exchange for oxygen, when heated in air. 
Sodium carbonate in solution answers the purpose of remov- 
ing the manganese (together with other interfering substances) 
and the filtrate from the precipitated manganous carbonate 
leaves on evaporation a residue, which, when treated with 
the anhydrous zinc chloride, gives indications for the per- 
chlorate if it is present in appreciable amount. The results 
of a series of tests for potassium perchlorate associated with 
the chlorate and nitrate of the same element are recorded in 
the following table. 

TABLE n. 



KC104 


KCIO, 


KNO, 


Treatment for the removal 


Indication of the 




taken. 


tekenf 


of chlorate and nitrate. 


perchlorate. 


grm. 


grm. 


grm. 






0.0005 






B7HCI 


Strong. 


0.0008 






ByHCI 


Strong. 


0.0002 






ByHCI 


Good. 


0.0001 






ByHCI 


Good. 


0.0001 






ByHCI 


Trace. 


0.0005 


6.1 


o.i 


By HCI 4- MnCl, 


Strong. 


0.0003 


0.1 


0.1 


By HCI 4- MnCla 


Good. 


0.0003 


0.1 


0.1 


By HCI H- MnCL, 


Good. 


0.0002 


0.1 


0.1 


By HCI H- MnCIa 


Trace. 


0.0001 


0.1 


0.1 


By BCl + MnCl, 


Trace. 


0.0000 


0.1 


0.1 


By HCI + MnCl, 


None. 



It is plain that 0.0001 grm. of potassium perchlorate may- 
be found with certainty when associated with 0.1 grm. of the 
nitrate or chlorate or both. 



THE ACTION OP REDUCING AGENTS ON IODIC 

ACID. 

Bt charlotte F. ROBERTS.* 

I. The Absorption of Nitric Oonde by Iodic Acid. 

The following investigations were first undertaken with the 
object of studying the solubility of nitric oxide in iodic acid. 
Although most chemical authorities agree in the statement 
that nitric oxide is absorbed by iodic acid with the separation 
of iodine, there is a certain indefiniteness with regard to the 
degree of solubility, which led me to investigate the subject 
for myself. Thus, Gmelin-Kraut states that " All the lower 
oxides of nitrogen decompose iodic acid into iodine and nitric 
acid, but the decomposition takes place only in presence of a 
considerable quantity of water," but the degree of ease with 
which the decomposition takes place meets with no comment, 
and the " considerable quantity of water " seems a somewhat 
indefinite condition. Kammerer,t who is the authority re- 
ferred to for the above facts, and who, some years ago, made 
a thorough study of iodic acid, says, without referring to any 
illustrative experiments, "At ordinary temperature, I2O5 is 
reduced only in aqueous solution by nitric oxide, but this gas 
is without action upon the water-free acid and its solution in 
concentrated sulphuric acid. At 100° the latter is very slowly, 
the water-free acid not at all decomposed." 

A portion of this latter statement was very easily verified. 
Some nitric oxide was passed through the dry acid, and other 
portions were collected and allowed to stand over sulphuric 
acid solutions of HIOs and IjO^, without any appreciable 
separation of iodine. 

* From Am. Jour. Sci., xlyiii« 161. t Jour. prak. Chem., Ixxziii, 73. 
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In order to test the solubility of the gas in aqueous solu- 
tions of iodic acid, the nitric oxide was prepared in a generator 
containing potassium nitrate and ferrous sulphate, the air 
having been previously driven from the apparatus by means 
of carbon dioxide. The gas was next passed into a Will and 
Varrentrapp tube containing potassium iodide, and then into 
a Geissler bulb containing the iodic acid. The experiment 
was made several times with iodic acid of various degrees of 
concentration, and always with the same result. There was 
no evidence of iodine being set free from the iodic acid, 
though the liquid showed occasionally a barely perceptible 
tinge of yellow. There was, however, a smaller amount of 
nitric oxide collected, by two or three cubic centimeters, than 
should have resulted from the amount of nitrate used, and, on 
two or three occasions, an odor like that of chlorine was 
observed about the Geissler bulb when the apparatus was 
disconnected, which could only be explained on the suppo- 
sition that gaseous hydrochloric acid was carried over from 
the generator through the potassium iodide. 

A later experiment in which nitric oxide was collected 
in a tube containing iodic acid and hydrochloric acid so dilute 
that no reaction took place between the two acids in the cold, 
showed that under these circumstances the nitric oxide was 
absorbed without any separation of iodine and that the liquid 
became yellow and gave an odor like that of chlorine, so that 
the above seemed a plausible explanation of the disappearance 
of some nitric oxide in the Geissler bulb without a simultan- 
eous liberation of iodine. 

Two or three experiments were then made with the 
apparatus as before excepting the addition of a new absorp- 
tion tube containing silver nitrate to prevent the hydrochloric 
acid from going over into the iodic acid. Still there was no 
evidence of iodine being set free. It seemed apparent, then, 
that the nitric oxide was not so soluble in iodic acid that 
it could be absorbed by simply passing it rapidly through the 
solution. 

To determine whether the gas was soluble upon long 
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contact with the iodic acid or not, different portions were 
collected in U tubes closed at one end and filled with solu- 
tions of iodic acid of different degrees of concentration. The 
gas had been collected and allowed to stand over potassium 
iodide and sodium hydroxide for from twenty-four to 
forty-eight hours before being transferred to the U tube, 
in order to remove completely any .other oxide of nitrogen 
which might be present. Solutions of iodic acid were used 
in the different U tubes varying from a saturated solution 
containing about 50 grams to 25 cubic centimeters to a rather 
dilute solution containing not more than 5 giams to 25 cubic 
centimeters. There was no apparent absorption as the gas 
passed up through the liquid, but after the nitric oxide had 
been standing over the iodic acid for a few moments, iodine 
appeared on the surface of the liquid. This deposit gradually 
increased in amount and the liquid rose in the tube, reaching 
its maximum in tweniy-four hours or less, depending on the 
amount of gas used. 

The result of my experiments, then, has been to show that 
nitric oxide is absorbed by solutions of iodic acid of any 
degree of strength, but the reaction takes place slowly even 
when the gas is confined over the acid, and not at all when 
passed rapidly through the solution. 

n. The Action of Bediicing Agents on Iodic Acid in the 
presence of Hydrochloric Add. 

It has already been stated that when the nitric oxide was 
collected over iodic acid mixed with dilute hydrochloric acid 
the gas was absorbed, but there was no liberation of iodine, 
and in some cases an odor like that of chlorine was observed 
when the tube was opened. A similar phenomenon was noticed 
with several other reducing agents. It is well known that 
iodic acid with strong hydrochloric acid, or heated with dilute 
hydrochloric acid, forms iodine chloride and may set free 
chlorine, but in these experiments the dilute acids were 
used in the cold, and there was no change apparent until 
the reducing agent was added. Besides the nitric oxide, 
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other snbstances which had a siimlar effect were potaasimii 
iodide, sodinm thiosulphate, argeniotLS oxide, fenons sulphate, 
stannous chloride, and potassinm sulphocyanide. If the 
reducing agent was added in a veiy concentrated form, iodine 
was sometimes evolved, and in many cases traces of iodine 
wonld first form where the reagent touched the liquid, but 
would disBL^p&a on shaking, and a light yellow liquid would 
lesult with an odor like that of chlorine. 

The first explanation of this phenomenon that suggested 
itself was that the iodic acid was not immediately com- 
pletely deoxidized by the reducing agent but was first 
transformed to a lower oxide of iodine* which was more 
active and therefore more easily acted upon by hydrochloric 
acid than the iodic acid itself, and that the chlorine thus 
set free united wholly or partially with the iodine formed by 
the first reduction. It was with the object of studying the 
reduction of iodic acid in the presence of hydrochloric acid 
that some experiments were undertaken with potasRum iodide, 
iodic add, and dilute hydrochloiic acid. Potasfium iodide was 
chosen as the reducing agent on account of the smplicity of 
its oxidation [^oducts. Appioximately x' solutioDS of iodic 
acid aod potassitnn iodide were used and dEate hydrochloric acid 
of specific gra vity 1.05. The latter acid was so dilixte that it 
could be added in apparently i ndefi ni te quantities to the iodie 
acid without producing any perceptible odor or change of colrc. 
With 10 cm^ of iodic acid and half tfaa;t Tolnme of hydn>- 
chloric acid, if the potas&um iodide was added grMinaHy from 
a barette, the additioci of 4 or 5 ctxbie centimeters g»ve a dear 
Hght yeUow liqoid in which no free uvdine conU be prored 
either hy atarch or chloroform. As the snonnt of potaMcim 
iijdide increaiies, the liquid gradnally becomes ocaa^^ tcotil 
finaHj particks of iodine am preaeiptcated oixt aaii aentrmufcrte 
nn-dl they reach the qaaatxGkCcTe yieki sepresetited hf llm 
cr.Tr.7non <iqTaQoti; 

SKI ^ HIO, -^ SZa = 3H/> -^ SKCl -¥- Zip. 

*<ftiiirifairjrfrit^ itiiiSWifiwfK rfc<wf<, 1,1; 
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These phenomena seem to indicate that the reaction takes 
place in two steps, giving first the iodine chloride, and then 
the decomposition of this by means of more potassium iodide 
setting free iodine. Even after solid particles of iodine appear 
in the liquid, starch paste is not colored blue, showing the 
well-known disturbing action of the chloride of iodine. That 
the intermediate product is essentially the monochloride of 
iodine instead of the trichloride may be inferred from the 
superior stability of the former in dilute solutions containing 
hydrochloric acid, since most authorities agree that the tri- 
chloride is completely broken up in dilute solutions into 
the monochloride, iodic acid and hydrochloric acid. If any 
trichloride were first formed and underwent this decomposi- 
tion, the final form of the reaction would be the same as 
if the monochloride were the sole product. This inference 
was further confirmed by later results and by the following 
experiment. 

The clear yellow liquid obtained by putting together 10 cubic 
centimeters of iodic acid, half that volume of hydrochloric 
acid, and 4 cubic centimeters of potassium iodide was agitated 
with benzene which is said to dissolve iodine trichloride with 
a dark cherry-red color.* The result was a barely perceptible 
pinkish tinge to the benzene, which left no appreciable residue 
on evaporation. After separating the benzene and adding 
ether, the color was quickly taken from the aqueous solution, 
and the ether became yellow and, on evaporation, left a con- 
siderable quantity of a volatile reddish-brown liquid. This 
experiment showed plainly that the essential product was 
iodine monochloride. 

In three different ways I have tried to estimate the propor- 
tions in which iodic acid and potassium iodide unite in presence 
of an excess of the former and hydrochloric acid. The direct 
method of letting potassium iodide of known strength slowly 
into a mixture of the two acids and determining the first 
appearance of free iodine is difficult on account of the action 
of the iodine chloride on the blue iodide of starch which 
* Ladenburg, Handworterbuch, y, 859. 
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one would natorally use as an indicator. I have succeeded, 
however, in getting an approximate result, by taking out a 
drop of the liquid from time to time and testing on starch 
paper. With 5 cubic centimeters of iodic acid, 9.t5 cubic 
centimeters of potassium iodide were added before there 
was any effect on the starch paper. This would indicate 
molecular proportions of iodic acid to potassium iodide as 
1 : 1.9. 

In the second method, 20 cubic centimeters of iodic acid, 10 
of hydrochloric acid, and 4 of potassium iodide were put 
together, the resulting iodine chloride was extracted with 
ether and separated with a separating funnel. The aqueous 
solution containing free hydrochloric acid was then treated 
with an excess of potassium iodide and the amount of iodine 
set free determined, after neutralization, by alkaline arsenious 
acid. From this the iodic acid remaining in the solution after 
the extraction of the iodine chloride could be readily estimated, 
and the difference between this and the amount taken gave 
the amount used in the reaction. Three trials of this experi- 
ment gave the following results for the molecular proportions 
in which the iodic acid and potassium iodide unite in presence 
of hydrochloric acid while the iodic acid is in excess : 

HIOs : KI 



J,:KI \ 
1 : 2.06 / 
1 : 1.99 ( 
1:1.9 ; 



Average = 1 : l.S 



The third method consisted in putting together the reagents 
in the same proportions as above and then decomposing the 
iodine chloride with acid potassium carbonate and estimating 
by alkaline arsenious acid the iodine set free. According to 
Gay-Lussac, the reaction between iodine chloride and an 
alkali is represented thus: 

6K0H + 5IC1 = 5KC1 + KIO, + 3H,0 + 21^^ 

The iodine shown by the arsenious acid is then only ^ of that 
in the iodine chloride. Making this correction and knowing 
the amount of iodine in the potassium iodide used, it becomes 
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an easy matter to determine the iodic acid which has con- 
tributed to the formation of the iodine chloride. 
The following results were obtained : 

fflO,:KI ^ 

1 : 1.92 > Average = 1 : 1.97. 
1 : 2.02 ) 
The three methods, then, agree fairly well in indicating two 
molecules of potassium iodide to one of iodic acid, a reaction 
which would be expressed by the following equation: 

HIO, -f 2KI + 6HC1 = 3H,0 + 2KC1 + 3IC1. 

The formation of iodine monochloride has thus been proved 
by three methods, two of which would be sufficient to establish 
the reaction. The first two methods are independent of the 
reaction between iodine monochloride and carbonated alkalies, 
while the third depends directly upon that reaction. Assuming 
the correctness of Gray-Lussac's equation, this third method 
may be taken simply as an additional way of proving what 
has been already sufficiently established in two different ways. 
On the other hand, considering the formation of iodine chloride 
sufficiently established by the two other methods, the last set 
of experiments may be used to discriminate between Gray- 
Lussac's and Griineberg's reactions. The latter* states, with- 
out describing his work in detail, that he has found by many 
carefuUy repeated experiments that the action of alkaline 
carbonates on iodine monochloride gives potassium chloride and 
potassium chlorate and all of the iodine is set free. My results, 
however, show the correctness of G^y-Lussac's equation, since 
it is only on the assumption that four-fifths of the iodine is set 
free that my third method of work gives results corresponding 
with those obtained in two other ways. Moreover, some iodine 
chloride was prepared by putting together potassium iodide, 
and an excess of iodic and hydrochloric acids, and extracting 
with ether, specially purified by standing over sodium bisulphite 
and distilling from sodium hydit)xide. Portions of this ethereal 
solution were drawn off from a burette and treated with potas- 

* Jour, prakt Chem., Iz, 172. 
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slum iodide, and the iodine estimated by sodium thiosulphate. 
Similar portions were then treated witJi hydrogen potassium 
carbonate, and the iodine estimated by arsenious acid. 
Griineberg's reaction would demand that one-half as much 
iodine should be set free in the latter case as in the former, 
instead of which only four-fifths of that amount was found, 
which is in direct agreement with Gay-Lussac's equation. 

HI. Action of Iodine on Iodic Acid in presence of Hydrochloric 

Acid. 

Some light is thrown upon the reaction just established by 
the behavior of free iodine in a mixture of iodic and hydro- 
chloric acids. 

Although a solution of iodine in iodic acid turns starch blue, 
and also one of iodine in hydrochloric acid, if the solutions 
be mixed the starch immediately loses its color, but regains it 
on the addition of alkaline carbonate. Also, if a colorless 
mixture of iodic and hydrochloric acids be taken, and aqueous 
iodine added gradually from a burette, the first effect of the 
addition is to make a colorless liquid in which the presence 
of iodine can be proved only upon addition of an alkaline 
carbonate. Further addition of the iodine gives a yellow 
liquid whose properties and reactions seem identical with that 
obtained by putting together iodic and hydrochloric acids 
and potassium iodide. This same liquid may be produced by 
allowing iodine to dissolve slowly in the cold in a mixture of 
dilute hydrochloric and iodic acids. 

Apparently, then, the action of reducing agents is to set 
free iodine from the iodic acid, and this dissolves in a mixture 
of iodic and hydrochloric acids to form iodine chloride. Two 
experiments were made to determine the proportions in which 
the iodine and iodic acid unite in this reaction. Solid iodine, 
in carefully weighed quantity, was allowed to dissolve in 
a mixture of the acids, then the acid was neutralized with 
alkaline carbonate, and the iodine set free estimated by means 
of arsenious acid. The molecular proportions of iodic acid to 
iodine as found were as follows : 

17 
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HIOs : I 
1 : 4.02 
1 : 4.07 

The same proportions were obtained by direct titration of 
iodic acid against a solution of iodine in hydrochloric acid 
of known strength. The operation was performed in a flask, 
a definite quantity of iodic acid being first introduced and 
then the solution of iodine added from a burette until, upon 
shaking the flask, the presence of free iodine was indicated by 
the cliaracteristic color given to chloroform. 

The molecxilar proportions found were : 

mOsrl 
1 : 4.02 
1 : 4.06 

These results, it will be seen, are in complete accordance 
with those obtained by the former method and indicate the 
following reaction: 

HIOs + 2Ia + 6HC1 = 3HaO + 6IC1. 

The equation obtained above for the reaction between iodic 
acid, potassium iodide, and hydrochloric acid, viz.: 

HIOs + 2KI + 6HC1 = 3HjO + 2KC1 + 3IC1, 

can be derived directly by a combination of the ordinary equa- 
tion, in which iodine is set free, 

[5KI + HIOs + 6HC1 = 3HaO + 6KC1 + 3I,]2, 

with the equation just established, 

[HIOs + 21, + 6HC1 = 3H,0 + 6IC1]3, 

in which the iodine reacts upon iodic acid. This fact supports 
the assumption that the effect of a reducing agent upon an 
excess of iodic acid in presence of hydrochloric acid is to set 
free iodine which then dissolves in a mixture of the two acids 
to form iodine monochloride. 

Iodine has apparently no effect upon either acid taken singly, 
and there is nothing in these experiments to show whether the 
action of the iodine on the iodic acid in the mixture of the 
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two acids is in the first instance of an oxidizing or reducing 
nature. It may be that the iodic acid is first reduced to a 
lower oxide, as has been previously suggested, or that it is 
oxidized to periodic acid. The fii'st condition is expressed in 
equations I, and the latter in equations II, from which it is 
seen that either assumption agrees with the equations just 
established. 

!2HIOs + I, + 2HC1 = I4O4 + 2HaO + 2IC1 ) 

I2O4 + 31, + 8HC1 = 4H,0 + 8IC1 > 

Combined : 2HIOs + 41, + lOHCl = lOICl + 6H,0 ) 
C 2HIOs + 2H2O + 21, = 4HI + H,0 + IJQ, \ 

Tj J I2O7 + 4HI + lOHCl = 7H2O + 6IC1 + 2C1, i 

^^•y 2C1, -f 21, = 4IC1 f 

V Combined : 2HIOs + 41, + lOHCl = lOICl + 6H,0 ) 

In any case it is evident that the mixture of iodine and 
iodic acid, both ordinarily oxidizing agents, is able to effect 
the decomposition of hydrochloric acid with the formation of 
iodine monochloride. 
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THE GENERATION OP CHLORINE FOR 
LABORATORY PURPOSES. 

Bt F. a. GOOCH and D. albert KREmEB .♦ 

That chlorine may be generated in a state of greater or 
less purity, variable with the conditions of evolution, by the 
action of hydrochloric acid upon potassium chlorate has been 
shown by Pebal f and Schacherl, f but the application of this 
fact to the practical generation of chlorine for the purposes 
of the laboratory has not to our knowledge been proposed. 
The desirability of an automatic generator from which an 
abundant flow of chlorine gas may be drawn at will or shut 
off witliout danger or inconvenience has led us to a study of 
the conditions most favorable to the safe evolution of chlorine 
by the action of the chlorate. 

Pebal § showed that the gas evolved at ordinary tempera- 
tures from a mixture of potassium chlorate and sodium 
chloride acted upon by sulphuric acid diluted with twice its 
volume of water consists of chlorine and chlorine dioxide 
in nearly equal proportions. Schacherl || found that when 
potassium chlorate was acted upon by hydrochloric acid 
diluted with twice its own volume of water the yield of 
chlorine was about 46 per cent or 67 per cent of the mixed 
gases according as the chlorate was granular or in fine powder ; 
that hydrochloric acid of halfngtrength yielded a gas containing 
nearly 60 per cent of chlorine, and that the proportion of 
chlorine rose nearly to 68 per cent when the gas was passed 

* From the Am. Jour. Sci., xlviii, 166. 
t Ann. Chem. (Liebig), clxxvii, 1. 
t n)id., clxxxii, 197. 
S Loc. cit II Loc. cit. 
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through concentrated hydrochloric acid and then washed with 
water; that the chlorate when acted upon by the strongest 
hydrochloric acid cooled to 0° C. and then warmed only 
enough to start the action yielded a gas carrying 87 per cent 
of chlorine ; and that when a solution of potassium chlorate 
was permitted to flow into hot strong hydrochloric acid the 
free chlorine constituted nearly 95 per cent of the mixture. 
So it appears that the highest yield of chlorine resulted 
when the solution of the chlorate entered gradually the hot 
strong acid — a condition not easily attained in an automatic 
generator. 

The fact that chlorine dioxide is so easily decomposed 
by heat into chlorine and oxygen naturally suggests the 
possibility of increasing the proportion of chlorine evolved in 
the first instance by working at the highest temperatures 
practically attainable under the conditions. In order, how- 
ever to secure a temperature approaching the boiling point of 
water it is necessary to reduce somewhat the strength of the 
hydrochloric acid acting (in order to avoid the evolution of 
hydrochloric acid gas and the consequent interference with 
the regular automatic action of the generator), thus sacrificing 
the advantage naturally attending the use of acid of the 
highest degree of concentration. Upon experiment we find 
that acid of half -strength (sp. gr. 1.10) can be made to yield a 
very satisfactory proportion of chlorine. We have employed 
in our work potassium chlorate fused (best in platinum) and 
cast in sticks or broken into coarse lumps. A small Eapp's 
apparatus, holding about a half-litre of liquid in the two 
lower chambers, makes a convenient generator, and the 
requisite temperature may be secured by wrapping the two 
lower chambers with flexible metallic tubing through which 
steam is driven, or, with equal convenience, by simply 
standing the whole apparatus in heated water. When the 
simple precaution is taken to heat the acid to 60° or 70° C. 
before allowing it to come slowly into contact with the fused 
chlorate no diflBculty whatever is met with in the practical 
automatic working of tl gi Id acid is 
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permitted to act upon the chlorate it becomes charged more 
or less with the chlorine dioxide and a subsequent rise of 
temperature may cause dissociation of the explosive gas with 
sufficient suddenness to expel the liquid from the generator 
with considerable violence. The gas evolved directly from 
the generator is never pure chlorine. To determine the 
relative proportions of chlorine and chlorine dioxide (the sole 
products of the action according to Pebal) the gas as it issued 
from the generator was passed through two pipettes fitted 
with glass stop-cocks and joined to one another. After allow- 
ing a reasonable time for the complete expulsion of air from 
the pipettes the stop-cocks were closed, and the pipettes were 
disconnected from one another and from the generator. The 
gas contained in one of the pipettes was slowly forced by 
means of carbon dioxide through a solution of potassium 
iodide ; that in the second pipette was driven slowly by 
means of carbon dioxide through a hai^d glass tube filled 
with asbestos and heated to redness by a Bunsen burner, and 
then passed through a solution of potassium iodide. The 
iodine set free in each case was determined in the acidified 
solution by standard sodium thiosulphate, and the difference 
in the amounts of iodine found was attributed to the action 
of the oxygen of the chlorine dioxide. It was assumed that 
the gas filling the pipettes ranged in line was homoge- 
neously distributed, and this assumption is probably nearly 
enough true for the purpose of this discussion. The tem- 
perature of the acid in the generator was determined by 
inserting a thermometer in the lowest chamber of the gen- 
erator, so that the indication for the point of action is only 
approximate. 

In two experiments made with acid of halfngtrength and at 
indicated temperatures of 80® and 81° the chlorine in the gas 
amounted to 81.6 per cent and 84 per cent respectively of the 
mixture. In a comparison experiment made with the strongest 
acid heated to 60° — the highest temperature attainable with- 
out evolution of the hydrochloric acid gas — the yield of 
chlorine was 77.8 per cent It is evident that the acid of 
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half -strength acting at 80° is productive of a more favorable 
yield than the strongest acid at 60®. 

Temperatures very much higher than those employed can 
hardly be secured continually under the conditions of work, 
and yet it is plain that a considerable amount of the oxide 
still accompanied the chlorine. We made the attempt, there- 
fore, to accomplish the destruction of the oxide by passing 
the mixed gases as they issued from the generator through 
a small wash-bottle containing a hot saturated solution of 
manganous chloride in strong hydrochloric acid, making use 
of a device previously employed in this laboratory for the 
decomposition of nitric acid and chloric acid.* The results 
of several experiments conducted in this manner are recorded 
in the accompanying statement. The gas after leaving the 
manganous chloride passed through a small wash-bottle filled 
with water, was dried by calcium chloride, collected in the 
pipettes arranged in train, and analyzed by the method pre- 
viously described. 



strength of 

hydrochloric 

acid. 


of acid. 


Temperature 

ofthesolation 

of MnCly 


Bubbles of gas 
passing the 
wash-bottle 
per second. 


Per cent of 
chlorine. 


Sp.^gP.1.1 

It 11 

" 1.1 
<f 11 


83 \ 
83 ^ 
70-80 
87.6 
88 


o 

90 
90 
90 
90 
90 


5-6 

4-6 

1-2 

3 

8 


87.5 
89.5 
96.4 
98.6 
96.9 



It is evident from these figures that the efl&ciency of the 
manganous chloride is considerable and naturally most 
manifest when the current of gas is slow. Indeed, during 
the passage of gas through the manganous salt small bubbles 
of chlorine are evolved from the entire surface of the liquid. 
The washed gas is pure enough for most laboratory purposes, 
but if chlorine perfectly free from chlorine oxide is desired it 
may be obtained by passing the washed gas through a hard 
glass tube filled with asbestos and heated by a Bunsen flame. 

* Am. Jour. Sci., xliv, 117 ; xlvi, 231. This yolume, pp. 132, 219. 
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In the exceptional cases in which the ignition tube is used 
it is well to keep in mind the fact that in starting the generator 
the acid should not be thrown in too great quantity upon the 
chlorate at first, lest an unusually large proportion of the 
dioxide be liberated, which may cause a slight explosion in 
the ignition tube. Should such be the case, however, the 
liquid in the wash-bottle will prevent the extension of the 
explosion to the gas in the generator proper, and the inser- 
tion of the wash-bottle should never be omitted when the 
ignition tube is to be put to use. So long as it is kept hot 
we have never found the apparatus other than perfectly 
manageable, safe, and automatic in action. 

Inasmuch as a single gram of potassium chlorate produces 
approximately a half-liter of chlorine, and a cubic centimeter 
more than a liter, it is obvious that a very compact generator 
may be capable of delivering a considerable 
supply of the gas, and we have found the 
diminutive appamtus shown in the accom- 
panying figure an exceedingly convenient 
addition to the furnishings of the laboratory 
table when chlorine is needed frequently 
and in small amounts. This little gener- 
ator is easily made of a side-neck test-tube, 
funnel tube, stopper, glass stop-cock, and 
flask. The upper chamber of the test-tube, 
which is constricted near the middle, holds 
easily ten gmms of the fused chlorate, and 
when the outer flask is filled with hot water 
the automatic action is satisfactory for a 
considerable length of time. A little wash- 
bottle containing a hot saturated solution of manganous 
chloride in strong hydrochloric acid is a desirable addition 
when a purer gas is needed than that delivered directly from 
the generator, and the attaclmient of the ignition tube makes 
it possible to secure the chlorine entirely free from chlorine 
oxide, though carrying, of course, some free oxygen. 




Fig. 9. 
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THE REDUCTION OP ARSENIC ACID BY THE 

ACTION OF HYDROCHLORIC ACID AND 

POTASSIUM BROMIDE. 

By F. a. GOOCH and L K. PHELPS.* 

It was shown in a former paper from this laboratory f that 
arsenic acid may be easily reduced by the simultaDeous action 
of hydrochloric acid and potassium iodide, and more recently J 
this reaction has been successfully applied to the rapid detection 
of arsenic in presence of antimony and tin, and of antimony 
and tin associated with arsenic. This paper is the account 
of work in the course of which it became evident that the 
action of hydrobromic acid upon arsenic acid is so similar to 
that of hydriodic acid that potassium bromide may with 
propriety, and even with advantage, be substituted for the 
iodide in the process of reduction. 

The apparatus which we have used in this wgA is similar 
to that employed previously, and is essentially a Mchi^s 
distillation apparatus — consisting of a small flask, of from 
25 em* to 50 cm* capacity, fitted by means of a pure rubber 
stopper to a pipette which was bent, drawn out at the lower 
end, and dipped into a test-tube supported and cooled in an 
Erlemneyer flask nearly filled with water. The arsenic was 
introduced into the flask in the t(yftn of the pure crystallized 
dihydrogen potassium arweniate whif^h was dissolved with 
3 gmi. of potassium bromide iri /> ^m^ <vf water, and 6 cm* of 
hydrochloric acid of full «t»»^f»Sff<h (i^p. gr., 1.20) were added. 
The end of the pipf^tt-f> tiib(S vt^^ji flipped into 6 cm* of 

* From Am. .foiif. f^l, <1v»M, 5<1^ 

t Goofh /inH I>fT)n^, Am. .Mfi* i^f'\ , ^|1^, .'W. 'ThH VolniYio, p. SO. 

X Goof'.h and Ho<1jc/i, Am. .hfy\¥. ^»f . 4)^\), 'X^i thU ^olnmc, p. 231. 
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hydrochloric acid of half strength contained in this test tube 
used as a receiver, and the distillation was carried on until 
the liquid in the flask had almost entirely passed to the 
receiver. The residue was treated with 10 cm' of the strongest 
hydrochloric acid, and the distillation was repeated with the 
modification that this time the condensation was effected by 
passing the volatile material into 10 cm' of water, so that 
the liquid in the receiver at the end of this operation should 
have the acidity of hydrochloric acid of half strength. This 
process of treating the residue with the strongest hydrochloric 
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Arsenic 
taken aa 
HsAaO* 



grm. 

0.0001 
0.0010 
0.0100 
0.1000 
0.4000 
1.0000 

'0.0001 
0.0001 
0.0010 
0.0100 

0.0001 
0.0001 



Antimony 
taken as 
H,8b04 



grm. 



0.4000 
0.4000 

0.0001 

0.0001 

0.0001 



Tin 

taken aa 

8nGl4 



grm* 



0.4000 
0.4000 

0.0001 



PrecipiUtion bv H|S 

in successive aJstil- 

lates after treatment 

withSnCl, 



L None. 
I-X. None. 

I. Found. 

II. None. 

I. Found. 

II. None. 
I-n. Found. 
IIL None. 
I-m. Found. 
IV. None. 
I-VL Found. 
VIL None. 
I-X. Found. 
XI. None. 

I. None. 
I-II. Found. 

III. None. 

I. Found. 

II. None. 

I. Found. 

II. None. 
I-II. Found, 
m. None. 

I. None. 
I-II. Found. 

III. None. 
I. Found. 
U. None. 



Precipitation by H^ in the 
leaidae dissolved in water. 



None. 

Faint coloration. 

None. 

None. 

None. 

Faint coloration. 

Orange precipitation.* 

Orange precipitation.* 

Large. 

Large. 

Distinct color. 

Distinct color. 

Distinct orange. 

Large. 

Large. 

Distinct color. 



acid and distilling was continued until arsenic ceased to be 
discoverable in .this distillate. At the beginning of the 

* Subsequently identified as antimony sulphide by depositing the metal on 
platinum. 
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distillation bromine is liberated and collects in this distillate ; 
but later, as the arsenious chloride volatilizes and condenses 
again, the color of the bromine in the distillate vanishes with 
the simultaneous reconversion of the arsenic to the higher 
form of oxidation. In such a solution, especially if it is not 
very hot, hydrogen sulphide precipitates the arsenic only 
slowly, but the addition of a little stannous chloride dissolved 
in hydrochloric acid of half-strength to the hot solution reduces 
the arsenic to the lower form of oxidation and prepares the 
way for the immediate precipitation of arsenious sulphide by 
hydrogen sulphide. Antimonic acid is likewise reduced under 
the conditions of the distillation ; but, as Koehler has shown,* 
neither small amounts of antimony and tin, which if present 
originally may pass partially to the distillate, nor tiie tin 
added to effect the reduction of the arsenic finally, will be 
precipitated by hydrogen sulphide under the existing conditions 
of temperature and acidity. 

The results of experiment are recorded in the accompanying 
table. 

Whenever antimony was introduced intentionally it was 
taken in the form of antimonic acid produced by oxidizing by 
bromine in alkaline solution tartar emetic purified by boiling 
with hydrochloric acid until the distillate contained no trace 
of arsenic. The stannic chloride employed was purified by 
boiling in strong hydrochloric acid with potassium bromide. 

It will be seen that no indication was given by hydrogen 
sulphide either in the distillate or residue when the hydro- 
chloric acid (10 cm^) and the potassium bromide (3 grm.) were 
treated in blank. When the bromide was treated in blank 
ten times successively no indication was obtained in any 
individual distillate, but the residue showed a trace of color 
which was apparently intensified by the action of hydrogen 
sulphide. This effect was slight and probably due to the 
prolonged action of the acid upon the rubber. It is not 
sufficient to interfere with the detection of 0.0001 grm. of 
antimony — as subsequent experiments showed. 
* Zeitschr. anaL Chem., zziz, 192. 
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A single distillation, requiring but three or four minutes, 
proved to be sufficient for the complete volatilization of 0.0010 
grm. of arsenic, two distillations were enough to remove 0.01 
grm. and three 0.1 grm. of arsenic. In handling larger amounts 
of arsenic, 0.4 grm. or 1 grm., it became evident that the presum- 
ably pure arseniate actually contained a trace of antimony, and 
the efficiency of the bromide treatment in effecting the detection 
of a little antimony in presence of a large amoimt of arsenic 
is clearly shown. It is plain that while the presence of large 
amounts of antimony and tin tend to diminish the rapidity of 
volatilization of the arsenic, the detection of 0.0001 grm. of 
arsenic is always sure, and that antimony and tin if originally 
present in appreciable amount will always be discoverable in 
the residue. 

In a comparison of the results of these experiments with 
those recorded in the former paper describing the reduction 
by means of potassimn iodide, it appears that in general fewer 
distillations are needed to effect the transfer of the arsenic to 
the distillate when the bromide is employed — a condition of 
affairs which is doubtless due to the fact that in the former 
treatment an insoluble and somewhat refractory precipitate of 
arsenious iodide is formed when large amounts of arsenic are 
present, while the bromide causes no precipitation of the 
arsenic, and interferes in no way with the distillation of the 
reduced product. 
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For the production of a definite amount of electrolytic iron 
two different courses are open to us. Either a weighed amount 
of a pure iron salt, as ammonio-ferrous sulphate, may be taken 
and the iron completely precipitated by electrolysis; or an 
indefinite quantity of the salt may be taken and subjected to 
electrolysis for a time, and the amount of iron determined by 
weighing the electrolytic deposit. After some preliminary 
trials, this second method has recommended itself to me as 
being much more rapid than the first-mentioned method and 
also free from some manipulatory details which render the 
first difficult to be done with exceeding accuracy. 

Some experiments were therefore undertaken to compare 
the amount of iron determined by direct weighing of the elec- 
trolytic deposit with the amount determined by titration of 
the solution of this same iron with potassimn permanganate. 
The details of the experiments were as follows. The solution 
of potassium permanganate was first accurately standardized 
with ammonimn oxalate which had been shown to give 
identical results with those obtained by the use of lead 
oxalate. About 10 grams of ammonio-ferrous sulphate were 
dissolved in about 150 cubic centimeters of water, 5 cubic 
centimeters of a saturated solution of potassium oxalate were 
added, and then the whole was heated with a considerable 
quantity of solid ammonium oxalate until a clear solution 
was obtained. This solution was decomposed in a beaker 
between two platinum electrodes, the iron being deposited 
on a piece of platinum foil of a size convenient to be inserted 
in a rather large weighing bottle, in which it was weighed 
both before and after the electrolysis. From 1 J to IJ hours, 
with a current of 2 ampdres, was in general found to be 
sufficient to precipitate from 0.4 to 0.5 grams of pure iron, 
and it was found unadvisable to use a current much stronger 
than 2 ampdres, since a higher current showed a tendency 
to render the deposit less smooth and compact. After wash- 
ing, dr}ing, and weighing in the usual way, the iron was 
dissolved in hydrochloric acid, the weighing bottle being 
used instead of the smaU flask ordinarily employed in this 
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operation, the oxidized iron was reduced with zinc, and 
finally titrated with the potassium permanganate solution in 
presence of sulphuric acid and a large amount of water. 

The following table shows the results obtained, the first 
column giving the weight of the electrolytic deposit of iron, 
and the second the weight of iron found in the solution of 
the preceding upon titration with potassimn permanganate 
previously standardized on ammonium oxalate. 



L 


n. 


Difference. 


0.4367 


0.4364 


0.0007-f 


0.3551 


0.3669 


0.0008-r 


0.2662 


0.2660 


0.0002- 


0.2898 


0.2890 


0.0008- 


0.1690 


0.1699 


0.0009+ 


0.8528 


0.3684 


O-OOOOf 


0.4498 


0.4494 


0.0004- 


0.6086 


0.6086 


0.0001- 


0.4402 


0.4467 


0.0005- 


0.4226 


0.4222 


0.0004- 


0.5170 


0.6166 


0.0006- 



These results show that the standard of potassium per- 
manganate as determined from pure iron differs very slightly 
from that obtained with the ammonium oxalate, but the 
standard obtained in the former way would under ordinary 
conditions be more satisfactory for work in iron analysis 
than the latter. A simple and rapid method, then, for 
standardizing the potassium permanganate solution would be 
to determine its strength, first, by comparison with electrolytic 
iron in the manner above described, and then by immediate 
titration to determine the exact amount of iron in each cubic 
centimeter of a solution of ferric chloride reduced as usual 
with zinc. This being ascertained, the ferric chloride solu- 
tion can be employed at any time for the standardization of 
potassium permanganate. 
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THE DETECTION AND APPROXIMATIVE ESTIMA- 
TION OF MINUTE QUANTITIES OF AESENIC 
IN COPPER. 

By F. a. GOOCH akd H. P. MOSELEY.* 

Sangbb's recent successful application of the Berzelius-Marsh 
process to the quantitative determination of arsenic in wall- 
papers and fabrics,! by the comparison of test mirrors with 
standard mirrors carefully prepared under the conditions of the 
test, opens the way, naturally, to the similar estimations of 
minute amounts of arsenic in any substances which may 
be submitted to the process immediately or after suitable 
preparation. 

The need of a rapid and at the same time trustworthy method 
for the determination of traces of arsenic in copper has led us 
to a study of the application of Sanger's process to this special 
case. 

It has been shown by Headden and Sadler | that the 
presence of copper in the Marsh generator is instrumental 
in holding back the arsenic, and our own experience is similar. 
It is obvious, therefore, that means must be employed for the 
complete removal of the copper from the arsenic before the 
solution of the latter is put into the reduction-flask. So far as 
our experience goes, there is no method by which arsenic may 
be removed from copper easily, and without loss, aside from 
those methods which depend upon the volatility of arsenious 
chloride from solution in strong hydrochloric acid, and of 
such methods we give the preference on the score of rapidity 
in execution, accessibility of pure materials, and compactness 

« From Am. Jour. Sci., xWiii, 292. t Am. Chem. Jour., ziii, 481. 

t Am. Chem. Jour., vii, 842. 
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of apparatus, to a process recently developed in this laboratory ♦ 
and based upon the simultaneous action of strong hydrochloric 
acid and potassium bromide upon the salt of arsenic. 

To get the copper into condition for the application of 
the process of separation from arsenic we find it sufficient to 
dissolve an amount not exceeding one gram in nitric acid 
somewhat diluted with water, to add to the solution two or 
three cubic centimeters of strong sulphuric acid, and to 
evaporate the liquid until fmnes of the sulphuric acid are 
disengaged abundantly. A single treatment of this sort serves 
to remove the nitric acid so completely that no interference 
with the normal action of the Marsh apparatus is apparent in 
the subsequent operation. The residue after concentration is 
diluted with water to about 5 cm^ and washed into the distilla- 
tion flask with an amount of the strongest hydrochloric acid 
(sp. gr., 1.20) equal to that of the remainder of the liquid. It 
is desirable that the entire volume of the liquid should not 
much exceed 10 cm^. The flask which has a capacity of forty 
or fifty cubic centimeters, is inclined at an angle of about 45° 
and joined by means of a pure rubber stopper to a bent pipette 
which serves as a distillation tube. The lower end of the 
vertical limb of the pipette dips beneath the surface of about 
5 cm^ of hydrochloric acid of half strength contained in a test- 
tube which is cooled and supported by water nearly filling 
an Erlenmeyer flask. A single gram of potassium bromide is 
introduced, and the distillation (which may be completed in 
three or four minutes) is pushed nearly to dryness. The flask 
is washed out, another portion of potassium bromide is intro- 
duced, and the first distillate is introduced and redistilled 
as before excepting that the condensation is this time effected 
in pure water. This second operation serves merely to hold 
back traces of copper carried over in the first distillation, but 
experiment has shown that the addition of the potassium 
bromide in the second distillation is quite as necessary as in 
the first, since the bromine liberated in the process has the 
effect of reoxidizing the arsenic in the receiver and so making 

* Gooch and Phelps, Am. Jour, Sci., xlviii, 216. This volume, p. 265. 

18 
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tliat element non-volatile under the conditions until the 
i-educing agent is again introduced. The free bromine in the 
final distillate must be re-converted to hydrobromic acid 
before the contents of the receiver may be introduced into 
the reduction-flask, and we find that this effect may be 
most easily and unobjectionably accomplished by the addition 
of a little stannous chloride dissolved in hydrochloric acid of 
half-strength and purified from arsenic by prolonged boiling. 
Incidentally and simultaneously the arsenic is reduced to the 
arsenious form, and, though Sanger has shown that minute 
amounts of arsenic are completely eliminated from the solution 
in the reduction flask when that element is introduced in the 
higher form of oxidation, it is our experience that the rapidity 
of elimination of the arsenic is so increased by the introduc- 
tion of the small amount of stannous chloride needed to bleach 
the bromine that the mirror appears in from five to ten minutes 
and is practically complete in half an hour, especially if the 
precaution is taken to add a little more stannous chloride, 
according to Schmidt's suggestion* after the operation has 
been in progress about twenty minutes. 

It will be remembered that Schmidt has shown that the 
addition of stannous chloride to the Marsh apparatus in action 
not only does not effect the retention of arsenic, as many other 
metallic salts do, but actually brings about the final evolution 
in the form of the hydride of that portion of the arsenic which 
may have been deposited during the process in elementary form 
upon the zinc. 

We have used the Sanger apparatus in form essentially 
unchanged; but we find it advantageous to fill the reserve 
generator with zinc coated with copper by the action of a 
solution of copper sulphate, instead of with pure zinc, since in 
this way the zinc is made more sensitive to the action of the 
dilute sulphuric acid, wliile the presence of copper (which is 
of course out of the question in the reduction-flask) can be of 
no disadvantage in the reserve generator and might even serve 
a useful end in fixing tmces of arsenic if the zinc and acid 

* Zeitschr. anorg. Chem., i, 353. 
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employed were not absolutely free from that element. In the 
formation of the mirror too, it has proved to be an advantage 
to enclose the portion of the glass tube to be heated in a short 
thin tube of iron or nickel slightly larger than the glass tube 
and kept from contact with it except at the ends, which are 
notched and bent inward. By keeping the outer tube of metal 
at a low red heat it is possible to diminish the tendency, which 
shows more particularly when the amounts of arsenic are 
fairly large, toward the formation of a double mirror corre- 
sponding to the allotropic conditions of the arsenic. The 
exigency c6mpels, moreover, the substitution of hydrochloric 
acid for the sulphuric acid usually employed in the reduction 
flask; but though the opinion is current that hydrochloric 
acid introduces difficulties in the Marsh test, we have been 
unable to discover any evidence of the formation of a zinc 
mirror in the ignition tube or to note other unfavorable action 
due to the use of pure hydrochloric acid. It is, of course, 
obvious that the hydrochloric acid used must be actually free 
from arsenic (as was ours) and not merely nominally so, as is 
often the case with the so-called arsenic-free hydrochloric acid 
of commerce. 







lOrror estimated 




Copper taken, 




(by compariaon 
^th standard 




in 


in 


in 


grama. 


milligrama. 


mirror) in 
miUigrama. 


fn^lliflrf^tnf- 


None. 


None. 


None. 


None. 


0.7 


None. 


None. 


None. 


0.6 


0.006 


0.003 


0.002- 


0.6 


0.011 


0.013 


0.002+ 


0.36 


0.020 


0.016 


0.006- 


0.3 


0.0S0 


0.030 


None. 


0.43 


0.040 


0.036 


O.OOfr- 


0.44 


0.060 


0.040 


0.010- 



The copper for our test experiments was prepared free from 
arsenic by electrolyzing in ammoniacal solution the purest 
copper sulphate obtainable and stopping the deposition before 
the solution had become exhausted. In this manner we were 
able to procure copper in which we failed to detect arsenic. 
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This copper was dissolved in nitric acid, arsenic in the higher 
condition of oxidation was added, and the process of the 
separation of the arsenic from the copper and conversion to 
the minor carried out in the manner described. The results 
obtained are recorded in the preceding table. 

It is plain from these results that the method is capable of 
detecting sharply minute amounts of arsenic in copper and of 
effecting the estimation of quantities less than 0.06 mg. with 
some approximation to accuracy. There is, as Sanger has 
pointed out, a good deal of variation even in standard mirrors 
made with all possible care and precaution, and in the estima- 
tion of mirrors containing as much as 0.05 mg. of arsenic the 
uncertainty of comparison as well as the actual variation of 
the mirror is considerable. 

When a sample of copper is under test which may contain 
more than 0.05 mg. of arsenic it is desirable to introduce into 
the reduction-flask the measured solution containing the 
arsenic gradually and in definite portions, and to judge by the 
formation of the mirror in an interval of ten minutes after the 
introduction of portions of this test solution whether it is 
wiser to add the entire solution or to estimate the arsenic in 
the entire solution from that f oomd in an aliquot portion. 

We append the results of the analysis of several samples of 
commercial copper, all of which were electrolytic, and of which 
the last two represented, presumably, the very purest electro- 
lytically refined copper obtainable commercially. 





Copper taken, 
grama. 


Arsenic found, 


of araenio. 


Sample A 
Sample B 

Sample C 
Sample D 




0.8 
0.3 
(1 

1 
1 
1 


0.016 
0.080 
0.018 
0.016 
0.006 
0.006 


0.006 

0.010 

0.0018 

0.0016 

0.0006 

0.0006 
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AN lODOMETRIC METHOD FOR THE ESTI- 
MATION OF TELLURIC ACID. 

By F. a. GOOCH awd J. HOWLAND.* 

In his valuable and extended study of possible volumetric 
methods for the estimation of tellurium, Braunerf has investi- 
gated the action of iodine upon an alkaline tellurite and 
finds that the oxidation is slow and incomplete at ordinary- 
temperatures, while at 100** C. and in presence of a sufficient 
excess of iodine complete oxidation takes place, though the 
difficulty of estimating the excess of iodine not directly utilized 
in the reaction is so great as to render the method practically 
inapplicable to the determination of tellurimn. The difficulty 
in effecting oxidation in alkaline solution naturally suggests 
the reversal of the reaction in an attempt to reduce telluric 
acid by the action of hydriodic acid in acid solution. Upon 
putting the matter to the test we fmd the reduction of 
telluric acid does take place, but we have been unable to 
prevent its going too far. Thus, on boiling a solution 
containing 10 cm^ of sulphuric acid of half-strength, 3 grm. 
of potassium iodide in 90 cm^ of water and a littie more 
than 0.1 grm. of telluric acid, the liquid darkened, deposited 
dark gray crystalline scales, and evolved iodine which, when 
collected and titrated with sodiimi thiosulphate, proved to be 
twenty per cent in excess of the theoretical yield, assuming 
that the reduction should result in the production of tellurous 
acid. A similar experiment made in like manner excepting 
that the liquid was heated for fifteen minutes in a closed bottle 
on the water-bath instead of being subjected to boiling, with 

* From Am. Jour. ScL, xlviii, 876. 
t Jour. Chem. Soc, liz, 58, 238. 
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the idea that the presence of the free iodine might tend to 
prevent excessive reduction of the tellurium, indicated a yield 
of free iodine about six per cent in excess of what it should 
be if tellurous acid is the sole product of reduction. In this 
case the titration of the free iodine was made by sodium 
thiosulphate in the presence of the reduced tellurous acid, but 
we foimd by independent experiment that the determination 
of free iodine associated with tellurous acid may be accomplished 
with a fair degree of accuracy provided the solution be cold 
and dilute, and the final reaction secured by adding the 
thiosulphate in slight excess and restoring the color permanently 
by standard iodine. Even under the most favorable conditions 
the tellurous acid is somewhat acted upon by sodimn thiosul- 
phate even before the free iodine is entirely bleached and the 
reaction in the reverse titration by standard iodine is slow in 
coming, though finally definite ; but if the solution is hot the 
thiosulphate precipitates tellurimn in flocky condition. 

The excessive action of the iodide suggested the substitution 
of potassium bromide — an agent which proved of value in 
reducing arsenic acid as described in a recent paper from this 
laboratory — and, the preliminary experimentation proving to 
be encouraging, we set about the preparation of telluric acid 
of definitely known strength. We weighed out accurately 
tellurous oxide, prepared by oxidizing presumably pure 
crystallized tellurium with nitric acid and igniting the 
product at a low red heat, dissolved the weighed oxide in a 
few cubic centhneters of a strong solution of potassium 
hydroxide, precipitated the tellurous acid by the careful 
addition of dilute sulphuric acid, and dissolved the precipitate 
in 10 cm^ of sulphuric acid of half-strength. The solution 
thus obtained was treated with potassimn permanganate in 
excess, the manganic oxide and the excess of permanganate 
were bleached by oxalic acid added to the hot solution, and 
the excess of oxalic acid was destroyed by the addition of a 
dilute solution of the permanganate until the faintest possible 
blush of color appeared. For the experiments involving the 
treatment of the larger amounts of tellurimn every preparation 
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was made individually in the manner described; for the 
experiments with smaller amounts a single preparation was 
made and the solution thus obtained was diluted to a half 
litre and portions of this standard solution were drawn from 
a burette as occasion required. 

The equivalent of the so-called element tellurium is, as 
Brauner has shown,* so variable with the mode of determin- 
ing that constant and the preparation of material that we 
employed a preparation of tellurous oxide which had been 
tested as to its equivalent weight by Brauner's excellent 
method of oxidation by potassium permanganate. The 
results of these tests are recorded in the accompanying 
table. In series I the alkaline solution of the oxide was 
diluted to 100 cm^ and oxidation was effected in it by standard 
permanganate added in excess. Sulphuric acid of half-strength 
was added to neutralization and then 5 cm* more, the liquid 



Series I. 1 


TeOs taken. 


for oxidation. 


of TeOs when 0=16. 


Mean. 


gnn. 
0.1200 
0.0783 
0.0931 
0.1100 
0.0904 
0.1066 


gnn. 
0.01202 
0.00785 
000940 
0.01119 
0.00909 
0.01078 


159.71 

159.6 

158.4 

157.3 

159.1 

167.8 




158.65 


Series IL 


0.0910 
0.0910 
0.0911 
0.0913 
0.0912 
0.0914 


0.00914 
0.00910 
0.00924 
0.00915 
0.00916 
0.00928 


159.31 

160 

167.7 

159.6 

169.5 

158.4 


• 


159.08 



was heated, a solution of oxalic acid of known value was 
introduced to an amount slightly in excess of that needed to 
destroy the manganic oxide and excess of permanganate, and 
the surplus of oxalic acid was removed by standard perman- 
• Jour. Chem. Soc, 1889, 382. 
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ganate. In series II the alkaline solution of the oxide was 
neutralized with dilute sulphuric acid and 1 cm' of sulphuric 
acid of half-strength was added. The oxidation was accom- 
plished from this point exactly as in series I, the only- 
difference being that it took place in the presence of a slight 
excess of sulphuric acid instead of in alkaline solution. The 
permanganate used in both series was standardized ultimately 
against lead oxalate. 

The mean value of these determinations assigns to the 
tellurous oxide which we employed a molecular weight of 
about 159 and to the element tellurium an atomic weight of 
127, when oxygen is 16. Braimer advocates the application 
of a correction made necessary by the excessive decomposition 
of the pennanganate in the oxidation; but inasmuch as the 
oxidation in series I took place in alkaline solution under 
conditions in which we have no absolute proof that unused 
oxygen is liberated to any considerable degree from the 
permanganate, while in series II the excess of sulphuric acid 
was purposely restricted to the lowest limit — the sulphuric 
acid having been sho\\Ti in a previous paper from this 
laboratory * to be the chief agent in inducing the excessive 
decomposition of the pemianganate — we incline, provisionally 
at least, to accept in this case the result of the analysis with- 
out correction. 

In the test experiments the telluric acid, prepared in 
the manner described, was introduced into the apparatus for 
distillation with 3 grms. of potassium bromide, care being 
taken to insure in the 50 cm^ or more of liquid the presence 
of 10 cm* of sulphuric acid of half strength. A current of 
carbon dioxide was passed through the apparatus, the solution 
was boiled to set free the bromine which was absorbed in 
potassiimi iodide and estimated by standard sodium thiosul- 
phate. In handling the larger amounts of telluriimi we found 
it desirable to make the preparation of the telluric acid in the 
distilling flask and to boil out tlie oxygen and ozone set free 
in the preparation before proceeding with the operation. The 
♦ Gooch and Danner, Am. Jour. Sci., xliv, 301. This volume, p. 145. 
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apparatus which we used consisted of a Voit's gas-washing 
flask, with sealed-in inlet tube and ground-in outlet tube, used 
as the distillation flask, to which was joined by a sealed joint 
the inlet tube of a Drexel washing bottle to the outlet tube of 
which was sealed a Will and Varrentrapp absorption apparatus. 
The washing bottle and attached bulbs contained a solution 
of 3 grams of potassium iodide and the former was kept cool 
by standing it during the distillation in a vessel of cold water. 
The absorption of the bromine took place almost entirely in 
the bottle, only traces of iodine being set free in the bulbs. 
The results of our experiments are recorded in the accompany- 
ing statement; Te = 127, = 16. 















Kip. 


Initial 


Final 




TeO- 
foimd. 


Error. 




cm^ 


<mm 


gTni. 


S^i^ 


STHJ* 


(l) 


m 20 


0.0102 


O.O008 


0,0004^ 


M 


m 1 20 


0O103 


O.0O09 


0.0003^ 


a 


60 20 


0.0102 


O.0OD8 


0,0004-^ 


60 20 


0.0102 


O.OO08 


0.0004-^ 


(5) 


lOO 40 


O.IOOO 


0.0004 


o.oooa^ 


(8) 


80 


40 


0.1001 


0.1001 


0.0000 


(T) 


100 


20 


0.1002 


OJOOl 


0.0001^ 


(8) 


50 


20 


0.1000 


0.1003 


oooo^H 


(0) 


m 


25 


0.6011 


0.5008 


0.0003^ 


1 IKi 


50 


25 


0.6002 


0.5006 


O.OM-l^ 


50 


25 


0.5000 


0.4098 


0.0002^ 


{VI) 


50 ' 


20 


0.6000 


0,4994 


0.0006- 



The results of experiment agree fairly well with one another 
and with theory based upon the assumption that the atomic 
weight of the tellurium which we employed was 127. It is 
evident that the reducing action of the hydrobromic acid 
developed in the distillation is regular and that that agent is 
well adapted to the reduction of telluric acid to tellurous acid. 
The formation of telluriimi tetrabromide in the concentrated 
acid liquid makes it impossible to tell by the color when all 
the bromine has been distilled, but the evidence of the experi- 
ments goes to show that the boiling of the liquid from a 
volume of 50 cm^ to 25 cm^ is sufBcient, while concentration 
from 100 cm^ to 20 cm^ apparently does no harm. 
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THE PREPARATION OF PERCHLORIC ACID AND 

ITS APPLICATION TO THE DETERMINATION 

OF POTASSIUM. 

By D. albert KREIDER.* 

Various methods for the preparation of perchloric acid have 
been developed through the long felt want of a process in 
which the elements of time and danger would be reduced to a 
minimum and the product increased to quantities commen- 
surate with the growing use of the acid in analytical chemistry. 
Most of these methods have been found impracticable because 
of the incidental formation of the dangerously explosive oxides 
of chlorine, or the time required in refining the product from 
the impurities introduced with the reagents employed. 

Doubtless the best process thus far offered is that of 
Caspari,! which, however, is to an objectionable degree 
exacting of time and labor. The product has to be treated 
and re-treated for the removal of potassium and then for the 
extraction of the hydro-fluo-silicic-acid and at several stages is 
for this purpose to be left standing for from twenty-four to 
forty-eight hours. Under the most favorable circumstances it 
could not be prepared in less than five or six days, and 
during a great many hours of that time it requires close 
attention. 

The great difficulty has always been with the necessity of a 
perfect separation of potassiimi from the perchloric acid, 
which has been prepared by the ignition of the potassium 
chlorate. If, for the manufacture of the perchlorate, the 
chlorate of sodium — which, if not upon the shelves of every 

♦ From Am. Jonr. Sci. xlix, 448. 
t Zeitschr. angew. Chem., 1803, 6& 
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laboratory, is nevertheless in the market, almost, if not 
entirely free of potassium — be used instead of the potassium 
salt, the complete removal of the base will be unessential; 
since its presence in the determination of potassium will 
exert no influence other than that which is beneficial. It is 
well known that because of its deliquescence and the almost 
equal solubiKty of sodium perchlorate with that of the 
chloride, its separation from the latter by recrystallization 
from an aqueous solution, as in the case of potassium, is 
impossible. But the insolubility of the chloride of sodium 
in strong hydrochloric acid, with the aid of the acid-proof 
Gooch crucible, affords a means for the liberation of the 
perchloric acid and the removal of the greater part of the 
sodium in one operation. Upon this basis, therefore, the fol- 
lowing simple method was elaborated. 

A convenient quantity of sodium chlorate, from 100 to 300 
grms., is melted in a glass retort or round-bottomed flask and 
gradually raised to a temperature at which oxygen is freely, 
but not too rapidly evolved, and kept at this temperature 
till the fused mass thickens throughout, which indicates the 
complete conversion of the chlorate to the chloride and 
perchlorate, and requires between one and one-half to two 
hours : or the retort may be connected with a gasometer and 
the end of the reaction determined by the volume of oxygen 
expelled, according to the equation 

2NaC108 = NaCl + NaClO^ + 0,. 

The product thus obtained is washed from the retort to a 
capacious evaporating dish where it is treated with sufl&cient 
hydrochloric acid to effect the complete reduction of the 
residual chlorate, which, if the ignition has been carefully 
conducted with well distributed heat, will be present in but 
small amount. It is then evaporated to dryness on the steam 
bath, or more quickly over a direct flame, and with but little 
attention until a point near to dryness has been reached, when 
stirring will be found of great advantage in facilitating the 
volatilization of the remaining liquid and in breaking up the 
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mass of salt. Otherwise the perehlorate seems to solidify 
with a certain amount of water, and removal from the dish, 
without moistening and reheating, is impossible. 

After triturating the residue, easily accomplished in a 
porcelain mortar, an excess of the strongest hyckochloric acid 
is added to the dry salt, preferably in a tall beaker where 
there is less surface for the escape of hydrochloric acid and 
from which the acid can be decanted without disturbing the 
precipitated chloride. If the salt has been reduced to a very 
fine powder, by stirring energetically for a minute, the 
hydrochloric acid will set free the perchloric acid and pre- 
cipitate the sodium as chloride, which in a few minutes 
settles, leaving a clear solution of the perchloric acid with the 
excess of hydrochloric acid. The clear supernatant liquid is 
then decanted upon a Gooch filter, through which it may be 
rapidly drawn with the aid of suction, the residue re-treated 
with the strongest hydrochloric acid and settled, the acid 
decanted, and the salt finally brought upon the filter where 
it is washed with a little strong hydrochloric acid. A large 
platinimi cone will be found more convenient than the cru- 
cible, because of its greater capacity and filtering surface. 
When the filter will not hold all the sodiimi chloride, the 
latter after being washed may be removed by water or by 
mechanical means, with precautions not to disturb the felt, 
which is then ready for the remainder. Of course, if water 
is used, the felt liad better be washed with a little strong 
hydrochloric acid before receiving another portion of the salt. 
Tliis residue will be found to contain only an inconsiderable 
amount of perehlorate, when tested by first heating to expel 
the free acid and then treating the dry and powdered residue 
with 97 per cent alcohol, which dissolves the perehlorate of 
sodium but has little soluble effect on the chloride. 

The filtrate, containing the perchloric acid with the excess 
of hydrochloric acid and the small per cent of sodiimi cliloride 
which is soluble in the latter, is then evaporated over the 
steam bath till all hydrochloric acid is expelled and the heavy 
white fumes of perchloric acid appear, when it is ready for 
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use in potassium determinations. Evidently the acid will 
not be chemically pure, because the sodium chloride is not 
absolutely insoluble in hydrochloric acid ; but a portion tested 
with silver nitrate will prove that the sodium, together with 
any other bases which may have gone through the filter, has 
been completely converted into perchlorate, and unless the 
original chlorate contained some potassiimi or on evaporation 
the acid was exposed to the fumes of ammonia, the residue 
of the evaporation of a portion is easily and completely 
soluble in 97 per cent alcohol and its presence is therefore 
unobjectionable. One cubic centimeter of the acid thus 
obtained gave on evaporation a residue of only 0.036 grm., 
which was completely soluble in 97 per cent alcohol. 

Caspari's acid under similar treatment gave a residue in 
one case of 0.024 grms. and in another 0.047 grms. If, how- 
ever, a portion of pure acid be required, it may be obtained 
by distilling this product under diminished pressure and, as 
Caspari has shown, without great loss, providing the heat is 
regulated according to the fumes in the distilling flask. 

Some modification of the above treatment will be found 
necessary in case the sodiimi chlorate contains any potassium 
as an impurity, or if the latter has been introduced from the 
vessel in which the fusion was made. Under these circum- 
stances the hydrochloric acid would not sufBce for the 
removal of potassium, since a trace might also go over with 
the sodiimi and thus on evaporation a residue insoluble in 
97 per cent alcohol be obtained. To avoid this difBculty, 
the mixture of sodium perchlorate and chloride, after being 
treated with hydrocliloric acid for the reduction of the 
residual chlorate, being reduced to a fine powder, was well 
digested with 97 per cent alcohol, which dissolves the sodium 
perchlorate but leaves the chloride as well as any potassium 
salt insoluble. By giving the alcohol time to become satu- 
rated, which was facilitated by stirring, it was found on 
filtering and evaporating that an average of about 0.2 grm. 
of sodium perchlorate was obtained for every cubic centimeter 
of alcohol and that the product thus obtained was compara- 
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tively free of chlorides, until the perchlorate was nearly all 
removed, when more of the chloride seems to dissolve. This 
treatment with alcohol is continued until, on evaporation of 
a small portion of the latest filtrate, only a small residue is 
found. The alcoholic solution of the perchlorate is then 
distilled from a large flask until the perchlorate begins to 
crystallize, when the heat is removed and the contents of the 
flask quickly emptied into an evaporating dish, the same 
liquid being used to wash out the remaining portions of 
the salt. When the distillation is terminated at the point 
indicated, the distillate will contain most of the alcohol 
employed, but in a somewhat stronger solution, so that it 
requires only diluting to 97 per cent to fit it for use in 
future preparations. The salt is then evaporated to dryness 
on the steam bath and subsequently treated with strong hydro- 
chloric acid for the separation of the perchloric acid. 

One cubic centimeter of the acid prepared in this way, on 
evaporation gave a residue in one case of 0.0369 grms., and in 
another 0.0307 grm., completely soluble in 97 per cent alcohol, 
which was then ignited and the chlorine determined by silver 
from which the equivalent of perchloric acid in the form of 
salts was calculated as 0.0305 grm. By neutralizing the acid 
with sodium carbonate, evaporating, igniting in an atmosphere 
of carbon dioxide till decomposition was complete, collecting 
the oxygen over caustic potash, allowing it to act on hydriodic 
acid by intervention of nitric oxide, according to a process 
soon to be published, titrating the iodine liberated, with stand- 
ard arsenic and calculating the equivalent of perchloric acid, 
after subtracting the amount of acid found in the form of 
salts, the amount of free acid per cubic centimeter proved to 
be 0.9831 grms. 

The whole process, even when the separation with alcohol 
is necessary, cannot well require more than two days and 
during the greater part of that time the work proceeds 
without attention. 

In applying perchloric acid, thus prepared, to the deter- 
mination of potassium according to the treatment suggested 
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by Caspari * very satisfactory results were obtained. Briefly, 
the method is as follows : The substance, free from sulphuric 
acid, is evaporated to the expulsion of free hydrochloric acid, 
the residue stirred with 20 cm^ of hot water and then 
treated with perchloric acid in quantity not less than one 
and one-half times that required by the bases present, when 
it is evaporated with frequent stirring to a thick, syrup-like 
consistency, again dissolved in hot water and evaporated 
with continued stirring till all hydrochloric acid has been 
expelled and the fumes of perchloric acid appear. Further 
loss of perchloric acid is to be compensated for by addition 
of more. The cold mass is then well stirred with about 20 cm^ 
of wash alcohol — 97 per cent alcohol containing 0.2 per cent 
by weight of pure perchloric acid — with precautions against 
reducing the potassium perchlorate crystals to too fine a 
powder. After settling, the alcohol is decanted on the 
asbestos filter and the residue similarly treated with about 
the same amount of wash alcohol, settling and again decant- 
ing. The residual salt is then deprived of alcohol by gently 
heating, dissolved in 10 cm^ of hot water and a little perchloric 
acid, when it is evaporatad once more with stirring, until 
fumes of perchloric acid rise. It is then washed with 1 cm^ 
of wash alcohol, transferred to the asbestos, preferably by a 
policeman to avoid excessive use of alcohol, and covered 
finally with pure alcohol: the whole wash process requiring 
about 50 to 70 cm' of alcohol. It is then dried at about 
130° C. and weighed. 

The substitution of a Gooch crucible for the truncated 
pipette employed by Caspari will be found advantageous ; and 
asbestos capable of forming a close, compact felt should be 
selected, inasmuch as the perchlorate is in part unavoidably 
reduced, during the necessary stirring, to so fine a condition 
that it tends to run through the filter when under pressure. 
A special felt of an excellent quality of asbestos was prepared 
for the determinations given below and seemed to hold the 
finer particles of the perchlorate very satisfactorily. 

♦ Loc. cit 
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A number of determinations made of potassium immixed 
with other bases or non-volatile acids are recorded in the 
following table : 



KCl 


Volameof 


KCIO4 


Error on 


Srroron 


Erroron 


taken. 


filtrate. 


found! 


KCIO4. 


KCL 


K,0. 


gnu. 


cm* 


gnn. 


gnn. 


grm. 


grm. 


0.1000 


54 


0.1851 


0.0008- 


0.0004- 


0.0003- 


0.1000 


58 


0.1854 


0.000&- 


0.0002- 


0.0002- 


0.1000 


51 


0.1859 


0.0000 


0.0000 


0.0000 


0.1000 


50 


0:1854 


0.0005- 


0.0002- 


0.0002- 


0.1000 


48 


0.1859 


0.0000 


0.0000 


0.0000 


0.1000 


52 


0.1854 


0.0005- 


0.0002- 


0.0002- 



Considerable difficulty, however, was experienced in obtain- 
ing equally satisfactory determinations of potassium associated 
with sulphuric and phosphoric acids. As Caspari has pointed 
out, the sulphuric acid must be removed by precipitation as 
barium sulphate before the treatment with perchloric acid is 
attempted, and unless the precipitation is made in a strongly 
acid solution, some potassium is carried down with the barium. 
Phosphoric acid need not be previously removed; but to 
secure a nearly complete separation of this acid from the 
potassium, a considerable excess of perchloric acid should be 
left upon the potassium perchlorate before it is treated with 
the alcohol. When these conditions are carefully complied 
with, fairly good results may justly be expected. Below are 
given a number of the results obtained. 



Compounds taJcflfTt 


Vol. of 
filtrate. 


KCIO4 
found. 


Error on 
KCIO4. 


KCL 


Erroron 
Kfi. 


grm. 

KCl = 0.10001 

CaCO8 = 0.13 

MkSO4 = 0.18 

Fe.jClo = 0.05 

Al,(SO4)8 = 0.06 

MnO3 = 0.05 

HNaaPO4.12HaO = 0.40 , 


cm* 

50 
82 
80 
80 
92 
60 


grm. 

0.1887 
0.1875 
0.1861 
0.1843 
0.1839 
0.1854 


grm. 

0.00284- 
0.0016+ 
0.0002-1- 
0.0016- 
0.0020- 
0.0006- 


grm. 

0.0014-1- 
0.0008-h 

o.ooon- 

0.0008- 
0.0010- 
0.0002- 


grm. 

0.0009-f.* 
0.0005-h* 
0.0001-ht 
0.0005-t 
0.0006-t 
0.0002-t 



♦ The residue showed phosphoric acid plainly when tested, 
t Only traces of phosphoric acid found in the residue. 
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In the last three experiments of the above table the amount 
of perchloric acid was about three times that required to unite 
with the bases present and the phosphoric acid subsequently- 
found with the potassium was hardly enough to appreciably 
aflfect the weight, although its absolute removal was found 
to be impossible. 
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XL 

THE ESTIMATION OF THE HALOGENS IN 
MIXED SILVER SALTS. 

By F. a. GOOCH and CHARLOTTE FAIRBANKS.* 

Known methods for the estimation of chlorine, bromine, and 
iodine in mixed silver salts depend either upon the reduction 
of the salts to metallic silver or their conversion to a single 
definite silver salt. The old but by no means ideal methods 
for the determination of chlorine and bromine in mixed silver 
chloride and bromide by reduction of the salts to silver in 
hydrogen at high temperatures or conversion to silver chloride 
in an atmosphere of chlorine are tjT)ical. Perhaps the best of 
aU are the electroljrtic method of Kinnicuttf for the reduction 
of the fused chloride and bromide, the battery process of 
WhitfieldJ which involves the electrolysis of the solution of 
the silver salts in potassium cyanide, and the method of 
Maxwell-Lyte § according to which tlie silver in the cyanide 
solution of the silver salts is thrown down by potassium iodide 
and sulphuric acid. Even in these processes there are points 
against wliich objection may be raised with reason. Thus, in 
the processes of Whitfield and Maxwell-Lyte it is next to 
impossible to secure complete and speedy solution of the dried 
silver siilts in potassium cyanide without recourse to inter- 
mediate wasliing and treatment with nitric acid; and in 
Kumicutt's method, which has been applied only to the 
analysis of the mixed chloride and bromide, difBculty is found 
in tlie speedy removal of all sulphuric acid from the spongy 
mass of silver formed in the reduction. 

* From Am. Jour. Sci., 1, 27. t Am. Chem. Jour., iv, 22. 

t Am. Chcm. Jour., viii, 421. § Chem. News, zliz, 3. 
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We have tried many experiments with a view to simplifying 
the analysis of the mixed silver salts. Ignition with mercuric 
cyanide according to Schmidt's method for sulphides ; ♦ treat>- 
ment with cuprous chloride dissolved either in anmionia or in 
hydrochloric acid; the action of ferrous oxalate dissolved in 
potassium oxalate, Eder's f reagent ; treatment with chromous 
chloride or chromous acetate; contact with powdered mag- 
nesium under dilute acid; and many other plans of action 
with powerful reducers have failed to yield analytical results 
comparable with those of the known methods. Hydrogen 
sulphide, dry or moist, and ammonium sulphide attack the 
halogen salts of silver with varying intensity, the chloride very 
easily, the bromide with less ease, and the iodide most difficultly 
— as might be predicted from a knowledge of the thermal 
values involved in the reactions. A current of hydrogen 
sulphide charged with ammonium sulphide effects the complete 
conversion of silver chloride to silver sulphide at a temperature 
below 200° C. ; but we have never succeeded in securing 
absolutely complete conversion of the bromide to the sulphide 
by similar treatment even at much higher temperatures, and 
the iodide resists conversion more obstinately than the bromide. 
Nor have we been able to find conditions under which the 
chloride may be converted while the bromide and iodide 
remain unattacked. In a study of the conditions best adapted 
to the reduction of silver salts electrolytically we have obtained 
results which point to advantageous modifications of the 
methods heretofore known. We find that the treatment of 
the fused salts may be simplified, made more accurate, and 
extended to mixtures containing silver iodide. 

In Kinnicutt's process the difficulties lie, first, in the 
impossibility of destroying the paper, upon which the silver 
salts have been collected and washed, without effecting some 
reduction of the salts ; secondly, in the obstinacy with which 
the spongy silver holds the sulphuric acid during washing; 
and thirdly, in the tendency of the chlorine liberated when a 
chloride is present to attack the electrodes. 

* Ber. Dtsch. chem. Oes., xzyii, 225. t Ibid., xiii, 600. 
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Upon the first point nothing need be said ; the difficulty is 
obvious and well known. As to the second souice of error, 
our experience shows that rapid washing is not sufficient to 
remove the sulphuric acid included in the reduced silver, even 
when excessive amounts of wash-water are used ; but that a 
considerable time is indispensable for the escape of the acid 
from the silver to the wash-water by diffusion. In several 
cases we have found errors, ranging from a single milligram to 
six or seven, due to inclusion of the acid in residues which had 
been washed freely but rapidly, and which, even after ignition, 
yielded slowly hot water extracts which gave the test for a 
sulphate by barium chloride. 

The results of some experiments made to test the effect of 
the halogens set free in electrolysis are shown in the accom- 
panying table: 



15 cm* of £80«, 

(16 per cent) with 

thenibstance 

named. 


Strength of 
current in 
amp^rea. 


Time 

in 
houra. 


Change in 
weight.of the 

crucible. 


Ohangein 
wei^tof 
wire elec- 
trode. 


of 
cmciptei 


1.7 gnn. KI 
1 " KBr 
1 " KCl 
0.6 " HCl 
0.6 " HCl 


0.46-0.26 
0.60-0.18 
0.4a-0.18 

0.8 '' ' 


24 
36 
26 

48 


grm. 
0.0000 
0.0000 
0.0008- 
0.0009*- 
0.0004- 


grm. 
0.0000 
0.0000 
0.0001- 
0.0000 
0.0004+ 


Cathode. 
Cathode. 
Cathode. 
Qfithode. 
ADode. 



So it appears that, while neither bromine or iodine attacked the 
platinum perceptibly under the conditions of the experiments, 
though set free in abundance, an appreciable amount of the 
metal did dissolve under the action of chlorine. Moreover 
the solubility seems to depend chiefly upon the area of 
surface exposed and not upon the electric polarity. The 
metal dissolved was reprecipitated by the action of the current 
only in the experiment in which, by reversing the direction of 
the current and thus making the area of the anode large while 
that of the cathode was diminished, a corresponding increase 
of current density upon the cathode was brought about. It is 

* Platinum tested for and found in solution. 
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obvious that under ordinary conditions of electrolytic reduction 
the solvent effect of the chlorine upon the platinum will 
naturally produce an apparent deficiency in the weight of 
silver reduced. 

These sources of error in the electrolytic reduction of the 
fused silver salts we have endeavored to overcome. The 
danger of change in the constitution of the salts during 
preparation for weighing we avoid by collecting them upon 
asbestos in a perforated crucible instead of upon paper ; but in 
order to secure perfect electrical conductivity throughout the 
mass of silver salts subsequently collected, dried, and weighed, 
we place a disc of perforated platinimi foil upon the prepared 
felt of asbestos. In this way perfect electrical contact is 
obtained, though the rapidity of filtration is somewhat 
impaired. The disc also serves the useful purpose of pre- 
venting the disturbance of the felt by the gas evolved from 
the walls of the crucible in the electrolytic process.* When 
the silver salts have been collected, washed, dried and weighed, 
their fusion is effected by placing the capped crucible upon an 
anvil and directing the flame of a small blowpipe with care 
upon the mass from above. The anvil keeps the crucible 
cool and tends to prevent the soaking of the asbestos with the 
fused silver salts, which would be disadvantageous in the 
washing process which foUows the reduction. A rubber 
band cut from rubber tubing of suitable diameter is adjusted 
so as to cover the junction between the cap and crucible and 
make a water-tight electrolytic cell. When the electrolytic 
reduction is finished the band and cap are removed, the 
crucible is put upon the pump, the liquid is drawn through 
and the precipitate washed in the usual manner. 

Jt is obvious that the difficulty of washing out the sulphuric 
acid from the reduced silver may be avoided if it is possible to 

* This device has been suggested by Puckner (Jour. Am. Chem. Soc, 1803, 
710) for holding down the asbestos in an ordinary filtration, and is no doubt 
of value when suitable asbestos is not at hand. A fairly good asbestos prop- 
erly prepared, and deposited ni>on a perforated surface in which the holes are 
sufficiently numerous — best, as numerous as can be — does not, however, tend 
to rise during a filtration so long as the suction pump is in action. 
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substitute for the sulphuric acid an electrolyte which, even if 
it were not easily removed by washing should be volatile at 
gentle heat without affecting the silver ; and the danger arising 
from free chlorine may be obviated by taking care to have the 
chlorine absorbed by the electrolyte as soon as it is liberated. 
We find that twenty-five per cent alcohol containing a tenth 
of its weight of oxalic acid meets all the conditions for the 
electrolytic reductions of the mixed chloride and bromide of 
silver. Such a solution, while possessing sufficient conduc- 
tivity, absorbs the free chlorine to such an extent that, as we 
have found experimentally, no perceptible solvent action takes 
place upon the platinum and nothing remains in the silver 
reduced under such a solution whicli is not volatile at gentle 
heat without affecting the weight of the silver. 

In the test-experiments recorded in the accompanying table 
known amounts of silver chloride and bromide were precip- 
itated, collected, ^vashed, drieJat 150° C, and weighed in the 



AgCl taken. 


AgBr taken. 


Ag calculated. 


Ag found. 


Error. 


grm. 


gjm. 


grm. 


grm. 


grm. 


1.0608 


• . . 


0.7985 


0.7990 


0.00064- 


1.4880 


• . • 


1.0828 


1.0823 


00000 


0.9998 


. . 


0.7525 


0.75-J2 


0.0008- 


> • • 


0.9959 


0.5721 


05728 


0.0002+ 


, , . 


0.9979 


0.6731 


0.5782 


0.0001+ 


1.0044 


0.4988 


1.0426 


1.0422 


0.0004- 


0.4983 


0.4900 


0.6559 


0.6568 


0.0009+ 



filtering crucible provided as usual with a layer of asbestos 
wliich was in this case covered with the perforated platinum 
disc. The cap was put in place, the crucible set upon an anvil, 
and the salts fused with a blowpipe flame in the manner 
described. Tlie rubber band was adjusted, the crucible nearly 
filled with the ten per cent solution of oxalic acid in twenty-five 
per cent alcohol, and the current passed in the usual manner, 
the crucible serving as the negative electrode. When the 
reduction was judged to be complete tlie band and cap were 
removed, the crucible set upon the pump, and filtration of the 
liquid and wasliing of the residue carried out as usual. 
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Finally the crucible, cap, and residue were ignited at a very- 
low red heat and weighed. The entire treatment was repeated 
until the constant weight of the residue showed that the 
reduction was complete. 

The manipulation of the method is very easy, and the results 
show that it is capable of yielding accurate results. The 
current ranged from 0.6 to 0.25 ampfires, and for convenience 
the process was continued over night, though the reduction 
of amounts such as we treated is usually complete in six or 
seven hours. 

Unfortunately this process which works so well with the 
mixture of chloride and bromide is not applicable to the reduc- 
tion of silver iodide or to mixtures containing it. Experiment 
proved that the iodine set free in the electrolysis works over 
and over again upon the spongy silver constantly regenerating 
silver iodide to a greater or less degree. As the result of many 
attempts to destroy the liberated iodine without introducing 
anything objectionable into the solution we finally settled 
upon a mixture made by neutralizing two parts by volume 
of ordinary (40 per cent) acetic acid with ammonia, adding 
one part of ammonia, one part of alcohol, and one part of 
aldehyde (75 per cent). Such a solution we found to work 
very well on the whole, but as the reduction progresses it 
frequently happens that a deposit of white ammonium iodate 
forms upon the anode, which introduces too great resistance 
to the current. This deposit of iodate is, however, easily 
removed from the electrode by dipping it into hot water. 
Whenever the solution is so exhausted that free iodine begins 
te appear the liquid should be carefully decanted and replaced 
by fresh; and before the operation is ended the decanted 
solutions and the washings of the electrode should be filtered 
through the crucible, and the residue submitted again to the 
action of the current, to make it certain that loosened particles 
of silver or silver salt possibly poured off or removed on the 
electrode shall not be lost finally. The necessity of keeping 
the process under occasional supervision renders it undesirable 
to continue the action over night. In some cases of prolonged 
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action without attention we have noticed the fonnation of 
gummy carbonaceous matter which could not be subsequently 
removed without the application of a degree of heat which 
might endanger the platinum in contact with the reduced 
silver. Many of the experiments recorded in the following 
table were completed within seven hours with a current not 
exceeding 0.5 ampdres: 



^ 


^ 


Agl 


oaloaUted. 


Ag 
found. 


Bnor. 


grm. 


gVOkm 


grm. 


grm. 


grm. 


gnn. 


0.4779 


• • • 




0.8696 


0.8691 


0.000&- 


0.6096 


• • > 


■ . . 


0.4688 


0.4691 


0.00034- 


0.6774 


. . . 


. . . 


0.6098 


0.6099 


0.0001+ 


. 


0.9969 


■ • • 


0.6727 


0.6726 


0.0001- 


, 




1.3703 


• • • 


0.7872 


0.7876 


0.0003+ 


. 




« • • 


1.0618 


0.4878 


0.4877 


0.0001- 


, 




• • • 


1.0621 


0.4882 


0.4876 


0.0007- 


, 




• • • 


1.0140 


0.4661 


0.4662 


0.0001+ 


, 




• • • 


1.2012 


0.6621 


0.6630 


0.0009+ 


, 




... 


1.6081 


0.6910 


0.6914 


0.0004+ 


0.5036 


0.4984 


... 


0.6663 


0.6663 


0.0000 


1.0020 


0.9998 


. . . 


1.3286 


1.3283 


0.0002- 


0.4989 


• * • 


0.6661 


0.6734 


0.6738 


0.0001- 




0.6000 


0.6304 


0.6810 


0.6316 


0.000^ 



These results show that the process affords an accurate 
reduction of the chloride, bromide, and iodide of silver and 
mixtures of these salts. When the problem concerns the 
reduction of the chloride and bromide only, we give the 
preference to the reduction in alcoholic oxalic acid as being 
the simpler process. The latter process we have also applied 
successfully on a larger scale to the recovery of the silver in 
chloride residues. 



XLI 

THE DETERMINATION OF SELENIOUS ACID BY 
POTASSIUM PERMANGANATE. 

By F. a. GOOCH and C. F. CLEMONS.* 

The fact that sulphurous and tellurous acids may be oxidized 
quantitatively by a sufficient excess of potassium permanganate 
suggests naturally the application of the same general method 
to the determination of selenious acid. It is the object of this 
paper to record the results of experiments in this direction. 

Braunerf found that in the action of the permanganate 
upon tellurous acid, whether in a solution acidified with 
sulphuric acid or made alkaline by caustic soda, the reduction 
of the permanganate does not proceed to the lowest degree of 
oxidation, the tellurous acid being unable to reduce the higher 
hydroxides of manganese which separate. In employing the 
reaction quantitatively it is necessary, therefore, to add the 
permanganate in distinct excess and then to destroy the sur- 
plus by means of standard oxalic acid added to the solution 
acidified with sulphuric acid, subsequently determining the 
excess of oxalic acid in the warmed solution by addition of 
more permanganate. The difference between the amount of 
permanganate actually used and that required to oxidize the 
known amount of oxalic acid introduced should naturally be 
the measure of the tellurous acid acted upon. Brauner found, 
however, an error in the process, by no means inconsiderable, 
due to the decomposition of the permanganate outside the 
main reaction. In a subsequent paper from this laboratory J 
it was shown that if the precaution is taken to restrict the 

* From Am. Jour. Sci., 1, 51. 
t Jour. Chem. Soc, lix, 238. 
t Gooch and Danner, Am. Jour. ScL, xliv, 801. This yolume, p. 146. 
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amount of sulphuric acid present in the solution when the 
permanganate acts the secondary decomposition involving loss 
of unutilized oxygen is kept within narrow bounds. In our 
work upon the oxidation of selenious acid we have followed 
the suggestions gained in the treatment of tellurous acid by 
Brauner's method. 

The selenium dioxide which we employed was prepared from 
so-called pure selenium by dissolving the element in strong 
nitric acid, removing the nitric acid by evaporation, treating 
the aqueous solution with barium hydroxide to throw out any 
selenic acid formed in the oxidation, evaporating the solution 
to dryness, and subliming and re-subliming the residue in a 
current of dry air until the product was white. The oxide 
thus prepared was weighed out for individual experiments 
or was dissolved in a standard solution from which definite 
portions were drawn for use. 

In the first series of experiments, the results of which are 
recorded in Table I, the selenium dioxide was dissolved in 
100 cm^ of water, 10 cm^ of sulphuric acid of half-strength 
were added, an approximately decinormal standardized solution 
of potassium permanganate was added until the characteristic 
color predominated over that of the brown hydroxide deposited 
during the oxidation, oxalic acid in solution of known strength 
was introduced until the excess of permanganate had been 
destroyed and the insoluble hydroxide dissolved, and, finally, 
after heating the solution to about 80® C, more of the 
permanganate was added to the color reaction. The final 
volume varied from 250 cm^ to 350 cm^ so that the sulphuric 
acid (absolute) present varied from about five per cent at the 
start to from one and a half to two per cent at the end. 

When the permanganate is first introduced into the acidified 
solution the color vanishes, leaving a clear colorless liquid, but 
as more is added the solution becomes yellow and deepens 
gradually in color to a reddish brown, until turbidity due to 
the deposition of a brown hydroxide of manganese ensues, and 
finally the characteristic color of the permanganate is plainly 
distinguishable. The exact point at which precipitation of 
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the manganic hydroxide begins depends upon the dilution, 
acidity, and temperature of the solution. In experiments (1) 
and (2), the permanganate was added to the cold solution at 
the first, but the liquid was heated after the addition of oxalic 
acid and before the final titration with the permanganate. 
The remaining determinations of the series were made in 
solutions kept hot throughout. 

TABLE L 
[Se = 79.1. = 16.] 







OiyK«Q 


OxjfTfiJ 






Kip. 


SeO, tftken. 


equiralent of 


«qu|vKLent of 
oxalic ACid 


S«0,fcHiii(L 


Error. 




gra. 


grm. 


^rm. 


gniu 


grm. 


(1) 


0.1000 


0.0302a 


0.01571 


0-1010 


0.0010+ 


(^) 


0.1002 


0.03038 


0.01578 


0.1014 


0.001^ 


(3) 


0,0907 


0.02G34 


0,01182 


0.1008 


0.0011 + 


(4) 


0.0999 


0.02568 


0.01122 


0.1004 


0.0005+ 


(5) 


0.1000 


0.02536 


0.01077 


0.1012 


0.0012+ 


m 


0.1000 


0,0S226 


0.01765 


0.1016 


0.0016+ 


m 


0.1001 


0.04456 


0.O21J92 


1.1016 


0.0016+ 


(8) 


0.2001 


0.05448 


0.02543 


0.2018 


00017+ 


(0} 


0,1097 1 


0.05219 


0.02318 


0/2014 


0017+ 


10) 


0.1097 


0.05215 


0.02318 


0.2011 


0.0014+ 


11) 


0.5178 


0,13216 


0.05721 


0.5203 


0.0025+ 


fl2j 


0.&197 


0.U105 


0.06541 


0.5252 


0,0055+ 



An examination of these results develops the fact that 
the action proceeds regularly in the main under the conditions 
of experimentation, but that there is an apparent waste of per- 
manganate in the process. It was observed that the addition 
of a Uttle permanganate beyond the exact amount necessary to 
produce the end-reaction occasioned the precipitation of man- 
ganese hydroxide, evidently, according to Guyard's reaction, 
by interaction between the permanganate and the manganous 
sulphate present. Plainly the amount of sulphuric acid 
present, which we kept purposely low to obviate the 
spontaneous decomposition of the permanganate, was not 
sufficient to prevent, the ultimate formation of the hydroxide 
at the temperature of action. The natural inference is that 
the difficulty in the determinations may have been due rather 
to an interference with the color reaction at the end of the 
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oxidation process, due to the incipient tendency of the 
permanganate to act upon the manganous salt, than to direct 
loss of oxygen from the permanganate. If this is true, the 
obvious and simple remedy should be found in effecting 
the oxidation of the oxalic acid at the end of the process at 
a temperature so low that the inclination of the permanganate 
and manganous sulphate to interact shall be diminished. 
Table 11 contains the record of experiments in which this 
precaution was taken. The entire process of oxidation, which 
was otherwise similar to that of the previous experiments, was 
brought about between the temperature of 76° C. at the 
beginning and 60° C, or even a littie less, at the end. The 
end-reaction was in every case sharp and the final color was 
permanent for several minutes at the least. 

TABLE n. 



Bip, 


ieOitakem 


Oijwo 
equJTBJent to 

used. 


Owygra 
nved. 


8eO, fomid. 


Eftttr. 




gnu. 


gnn. 


ffTTO- 


gim 


grm. 


fl3> 


O.KKM) 


0.03506 


0.02066 


0.1001 


0.0001+ 


(14) 


O.IOOO 


0.05619 


0.02078 


ai004 


0.0004+ 


(16) 


0.1000 


0.03706 


0.0^65 


0J007 


0.0007+ 


(16) 


aiooo 


0.03^63 


0.02422 


0.09^ 


0.0006^ 


(171 
(181 


aiooo 


0.03512 


0.02005 


O.IOOS 


o.ooa&+ 


0.2000 


0.06124 


0.0B266 


0.1994 


0.0006- 


(191 


0.2011 


0.06069 


0.03177 


0.2009 ; 


0.0003^ 


(201 


0.2004 


0.00072 


0,03177 


0.2010 


0.0006+ 


(211 


0.2QliO 


0.00083 


0.03185 


0.2012 


0,0008- 


(22) 


0.2038 


0.06106 


0.03186 


0.202S 


0.0010- 



These results are evidently an improvement upon those 
of the first series of experiments, and are fairly satisfactory 
so far as concerns the estimation of the amounts of selenium 
dioxide discussed. The determination of large amounts of 
selenious acid by this method is somewhat less advantageous 
than it would be if the reduction of the permanganate 
proceeded farther in the firat action. One hundred cubic 
centimeters of a standard solution is as much as can be 
conveniently handled in a single process of titration, and 
that volume of decinormal permanganate (which is about as 
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strong as the standard solution should be when accurate 
work is expected) is capable of oxidizing about 0.25 grm. of 
selenium dioxide. 

The process which we recommend consists, in brief, in the 
addition of standard potassium permanganate to the solution 
of selenious acid containing not more than five per cent of its 
volume of strong sulphuric acid, the introduction of standard 
oxalic acid until the liquid clears, and the titration of the ex- 
cess of oxalic acid by permanganate, at a temperature not 
much exceeding 60° or 60° C. The permanganate and the 
oxalic acid should be standardized under similar conditions of 
acidity and temperature, and for a standard of final reference 
we prefer pure crystallized ammonium oxalate. 

We have made experiments in which the initial oxidation of 
the selenious acid was made in alkaline solution, but inasmuch 
as the amoimt of permanganate required for the oxidation is 
about three times as great as that needed in the acid solution 
the treatment in alkaline solution is practically inferior. 



XLII 

THE PRECIPITATION AND GRAVIMETRIC 
DETERMINATION OF CARBON DIOXIDE. 



By F. a. GOOCH and L K. PHELPS. * 

The method upon which reliance is most confidently placed 
for the determination of carbon dioxide in solid carbonates, 
involving as it does the liberation of that gas by the action 
of a strong acid and its absorption in weighed potash-bulbs, 

demands as conditions of the attain- 
ment of good results the careful 
observance of precautions and the 
expenditure of much time and atten- 
tion. In the method described below 
we have sought to secure equal accu- 
racy with greater economy of time 
and care. Our plan is to effect the 
rapid absorption of the carbon diox- 
ide, evolved by the action of acids 
upon carbonates, in barium hydroxide 
contained in a specially devised 
apparatus, to filter and wash the 
precipitated barium carbonate under 
a protecting layer of xylene, to dis- 
solve in hydrochloric acid the washed 
carbonate upon the filter or adhering 
to the receiver, to convert the barium 
chloride thus obtained into the form of the sulphate, and from 
the weight of the last to calculate the carbon dioxide originally 
liberated by acid from the carbonate. 

• From Am. Jour. ScL, 1, 101. 
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The apparatus which we use, and which is shown in the 
figure, consists of a flask for the evolution of the carbon 
dioxide, properly connected with a receiver in which the gas 
is retained until absorption is perfect. It is a form of a 
similar device employed by one of us* for the absorption 
of ammonia in hydrochloric acid and the complete retention 
of the ammonium salt thus formed, but so modified as to 
avoid the danger of diffusion of carbon dioxide through the 
rubber balloon — a source of error which we have found by 
experiment to be considerable when large amounts of the gas 
are handled. 

The evolution flask (F) has a capacity of about 60 cm^, 
and is fitted with a rubber stopper through which passes a 
tube (A) wide enough (about 0.7 cm. in interior diameter) 
to prevent the formation of bubbles, and expanded just above 
the stopper to a small bulb. The absorption cylinder consists 
of a wide glass tube (C), fitted at either end with a rubber 
stopper. The stopper at the lower end of the cylinder, placed 
vertically, carries a short tube, about 1.5 cm. in diameter, to 
which is secured a smaller rubber balloon. The cylinder and 
balloon together hold about 100 cm^. The upper stopper is 
perforated with two holes, through one of which passes the 
tube of a glass stop-cock, while through the other hole passes 
a long tube reaching to the interior of the balloon and pro- 
vided with a valve (V) — preferably a modified Bunsen valve, 
of the pattern recently devised by Kreider and described on 
page 307. 

In using this apparatus a saturated solution of barium 
hydroxide (which is made hot, filtered into a siphon-bottle, 
and preserved from atmospheric action by a floating layer 
of kerosene) is introduced by pressure upon the air in the 
siphon-bottle or by suction applied to the stop^jock of the 
cylinder. Such a solution contains about five per cent of its 
weight of the hydroxide, and we find it best to use in every 
case an amount at least a fourth in excess of the quantity 
theoretically required to absorb the carbon dioxide, and to fill 
* Am. Chem. Jour., i, 460. 
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the cylinder and balloon nearly full of liquid. The carbonate 
is weighed, introduced into the flask, and washed down with 
fifteen or twenty cubic centimeters of boiled water, which is 
protected in the wash-bottle from carbon dioxide in the breath 
by a balloon attached to the inlet tube. A small tube holding 
enough hydrochloric acid to effect the decomposition of the 
carbonate to be analyzed, is placed in upright position in 
the evolution flask. The stopper is inserted in the flask and 
connections are made as shown in the figure, the little tube 
containing the acid is overturned by inclining the flask, the 
acid mixes with the ^vater and effervescence begins. Heat 
is applied and the liquid in the flask is boiled until that in 
the cylinder is heated by the steam nearly to the boiling 
point, in order that the precipitated barium carbonate may 
become as granular as possible. The carbon dioxide evolved 
and the air in the flask are transferred in the process to the 
absorption cylinder, the valve serving to prevent the back- 
flow of the liquid while the balloon expands to give room 
to the air and condensed steam. When the boiling is done 
the flask and tube are disconnected at the rubber joint, the 
cylinder is shaken to insure the absorption of the carbon 
dioxide, and the liquid carrying the greater part of the 
precipitate is transferred through the stop-cock to a filter 
carefully fitted to its funnel, moistened with water and 
containing about 6 cm^ of xylene, which we found to be 
preferable to benzene, kerosene, or amyl alcohol, the function 
of which is to rise to the surface when the aqueous solution 
is added so as to protect the barium hydroxide from the 
action of the carbon dioxide of the air. By manipulating 
the balloon and the stop-cock (to which a little funnel may 
be attached by a piece of rubber tubing for convenience in 
introducing wash-water) the cylinder may be emptied and 
washed out with hot boiled water, though, of course, a very 
considerable portion of the precipitate remains adhering to 
the walls of the absorption apparatus. 

We prefer to prepare the filter for use with the suction 
pump, but in the early stages of filtration and washing very 
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little suction should be applied. When the barium hydroxide 
has been nearly washed out of the precipitate, the xylene is 
dissolved in a little hot alcohol, the suction is applied and 
the washing is completed with hot water. The emulsion of 
xylene and water found in the filtrate is readily cleared up 
by alcohol. Finally, the barium carbonate in the absorption 
apparatus and upon the filter is dissolved in hydrochloric 
acid and precipitated in hot solution by sulphuric acid, the 
resulting barium sulphate is filtered, washed and ignited 
upon asbestos in a perforated crucible, and from its weight 
the carbon dioxide which originally precipitated the barium, 
now in the form of the sulphate, is calculated. The results 
of a series of determinations made in this manner are 
recorded in the following table: 





[Ba = 137.43 


, S = 82.06, 


= 16, C = 12.] 




CaCOg 


Ba80« 


CO,actaaUy 


CO, 




taken. 


found. 


present. 


calculated. 


CO,. 


g^nn. 


({rui. 


grm. 


grm. 


Ijriii* 


0.0600 


0.1180 


0.0220 


0.0222 


0.0002+ 


0.0600 


0.1183 


0.0220 


0.0223 


0.0008+ 


0.1000 


0.2829 


0.0440 


0.0439 


0.0001- 


0.1000 


0.2347 


0.0440 


0.0442 


0.0002-h 


0.2000 


0.4660 


p.0880 
0.0880 


0.0878 


0.0002- 


0.2000 


0.4663 


0.0876 


0.0004- 


0.5000 


1.1650 


0.2200 


0.2196 


0.0004- 


0.6000 


1.1667 


0.2200 


0.2197 


0.0003- 


1.0000 


2.3328 


0.4400 


0.4896 


0.0004- 


1.0000 


2.3309 


0.4400 


0.4394 


0.0006- 



Various modifications of method and manipulation were put 
to the test of experiment, but the process which we have 
described has proved on the whole the most satisfactory. It 
is fairly rapid and accurate. 
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808 NOTES ON CONVENIENT FORMS 

The valve thus lubricated with glycerin when used as a 
protection in an ammonia wash-bottle, will prevent absolutely 
the access of ammonia to the mouth, and if made according to 
the directions will act with very little pressure. Placed in the 
connection between the vacuum flask and water pump oidi- 
narily used in filtration, it has been found a valuable check on 
the valve of the pump, and when the latter was impotent this 
device prevented any water being drawn into the filtrate. In 
a process soon to be published, in which a partial vacuum is 
used, this valve holds the vacuum in continual readiness and 
adds greatly to the convenience of the process. 

Force Pump. — By adjusting two of the valves just described 

to the opposite extremities of a T-tube, with the horizontal 

limb enlarged or sealed to a larger tube so as to 

(permit the attachment of a large and stout piece 
of rubber tubing closed at one end, as shown in 
Fig. 13, a convenient and powerful little force 
— pump is obtained. A small bore, stout T-tube is 
cut off short at the two ends at right angles to 
one another: to one is sealed a tube just large 
enough to permit the insertion of a valve ; to the 
other, a large tapering tube, slightly lipped so as 
to hold a piece of rubber tubing firmly and allow 
of tying the latter if necessary. Of the third end 
of the tube, a valve like that shown in Fig. 12 is 
p,Q l^ made. The compressing rubber should not be 
of greater length than the hand is able to cover 
completely and may be closed with a glass stopper selected to 
fit tightly. Providing the space through the T-part is kept at 
a minimum compared with tliat of the compressing rubber, 
rapid pumping will be found possible and the power limited 
only by the strength of the user's grip. A column of water 
was quickly raised and forced from the top of a tube sixteen 
feet in length. The apparatus will be found convenient in 
the absence of a regular pump and can be quickly constructed 
of materials always at Lind. Originally it was made, in about 
fifteen minutes, of a T-tube to which the necessary enlarge- 
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ments were connected by rubber tubing and the unused space 
filled by a glass rod. The valves may be inserted directly into 
the ends of the compressing rubber, but the form shown in the 
figure will be found more serviceable. By attaching the lower 
end to a tapering tube as shown, the pump is easily inserted 
into any sized perforation of a stopper and adds greatly to its 
convenience. 

The pump has been found serviceable in various applications. 
For filling burettes it will be found more advantageous than 
the siphon plan. The standard solution bottles are fitted with 
two-holed stoppers, from one of which a tube of sufficient 
length is bent so as to reach into the burette. The pump can 
be apphed to various bottles by the adapter shown in the 
figure and the solutions forced into the burettes. To prevent 
any evaporation in the tube a glass stopK50ck may be inserted. 
On several occasions it has been applied to a Kipp generator 
in which higher pressure was momentarily required. In 
various other ways it has been foimd a useful piece of 
apparatus. 
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THE REDUCTION OF THE ACIDS OF SELENIUM 
BY HYDRIODIC ACID, 

By F. a. GOOCH amd W. G. REYNOLDS.* 

A METHOD for the iodometric determination of selenious acid 
has been recently announced by Muthmann and Schaeferf 
which is based upon the reduction of selenious acid by 
hydriodic acid and the direct titration of the iodine thus 
hberated. To determine the selenious acid it is only necessary 
to add it in solution to an acidulated solution of potassium 
iodide, when iodine and selenium are both set free in elementary 
form, the former being directly determinable by titration with 
sodium thiosulphate after addition of starch. The difficulty 
in the process is said to be the imcertainty as to the exact 
point in the titration at which the starch blue disappears 
from the liquid in which the finely divided and opalescent 
selenimn is held hi suspension. For this reason the process 
is recommended for use only when great accuracy is not 
essential. 

Evidently if the reaction between the acidulated iodide and 
selenious acid is single and complete, the process should 
be capable of improvement by removing the selenimn before 
the titration is attempted. This we have succeeded in doing 
without difficulty. We find the most convient and rapid 
way to remove the finely divided selenium is to filter the 
hquid containing it by means of the vacuum pump upon a 
thick felt of asbestos in a perforated crucible or cone of large 
filtering surface. With a properly prepared filter of this 
description there is no difficulty in separating the selenium in 

* From Am. Jour. Sci., 1, 264. 

t Ber. Dtsch. chem. Ges., xxyi, 1008. 
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a very few moments so completely that it is possible to 
determine the iodide remaining dissolved in the excess of 
potassium iodide with all the accuracy characteristic of this 
most exact of titration processes. We find, however, that 
when the difficulty of determining the end-reaction in the 
titration of the iodine by the thiosulphate is overcome, it 
becomes apparent that the reaction upon which Muthmann 
and Schaefer depend is not perfect. Either the reduction of 
the selenious acid to selenium is not complete, or else the 
iodine remains in combination to a slight extent with the 
selenium and so fails to appear in the filtrate. This is 
evident from the results of the experiments of Table I, in 
which the selenious acid and potassium iodide acidulated with 
hydrochloric acid were brought together, the liquid thrown 
upon the asbestos filter, the selenium washed imtil free from 
soluble iodine, and the filtrate containing the iodine treated 
as usual with sodium thiosulphate in presence of starch. 
The details of treatment are described sufficiently in the 
table. The selenium dioxide was prepared for the work 
from the so-called pure elementary selenium by dissolving 
it in strong nitric acid, evaporating off the excess of the last, 
treating the solution of the residue in water with barium 
hydroxide, filtering to remove selenic acid formed in the 
oxidation and traces of sulphuric acid possibly present as an 
impurity, recovering the selenium dioxide by evaporation, 
and purifying it by subliming and re-subliming it in a current 
of dry air until it was clean and white. 

TABLE L 



SeO, 
taken. 


KIoBed. 


HCluaed. 
(8p.gr. 1.20). 


Volmne 

before 

Altering. 


founo. 


Brror* 


grm. 
0.0499 
0.0499 
0.2035 


grm. 

1 
1 
8 


6 
6 
6 


em* 
100 
100 
100 


grm. 
0.0479 
0.0477 
0.1896 


grm. 
0.0020- 
0.0022- 
0.0189- 



From these figures it is plain that iodine was not foimd in 
the filtrate in amount corresponding to the selenium dioxide 
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present. In the following experiments of Table II. an excess 
of the thiosulphate was added before filtering off the selenium 
so that there should be every opportunity for the iodine and 
thiosulphate to interact before the removal of the selenium. 
In two experiments the proportion of hydrochloric acid was 
increased tenfold for the purpose of seeing whether the 
presence of a large amount of free acid influences the result. 

TABLE IL 



BeO, 

taken. 


KIuMd. 


HCliued. 
(Sp. gr. 1.20). 


Volume 

before 

filtering. 


found. 


Brror. 


grm. 
0.0499 
0.0499 
0.0499 
0.0499 
0.2006 
0.2030 


gnn. 
1 
1 
1 
1 
8 
8 


cm* 
6 
8 

60 

60 

6 

6 


cm' 
100 
100 
100 
100 
100 
100 


gnn. 
0.0489 
0.0486 
0.0489 
0.0488 
0.1926 
0.1946 


grm. 
0.0010- 
0.0014- 
0.0010- 
0.0011- 
0.0081- 
0.006&- 



These results show improvement over those obtained when 
filtration is made before acting with the thiosulphate, but 
it is obvious that the presence of a large proportion of free 
hydrochloric acid is without effect upon the reaction, and 
that the iodine set free and measured is still deficient in 
proportion to the amount of selenium dioxide present. 
Plainly the reduction of the selenium dioxide is incomplete, 
or else there is formed between the selenium and iodine a 
combination, such as was noticed by Hautefeuille * in the 
interaction of iodine upon hydrogen selenide. In either case 
it should be possible to push the reaction farther toward 
completion by submitting the mixture of selenious acid, 
potassium iodide, and hydrochloric acid to distillation. We 
have used for this purpose an apparatus employed and 
described in connection with previous similar work in this 
laboratory. The distillation flask is a Voit gas-washing flask, 
and this is sealed to the inlet tube of a Drexel wash-bottle 
used as a receiver, to the outlet tube of which is sealed a 

* Compt. rend., Ixviii, 1654. 
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Will and Varrentrapp absorption apparatus to serve as a 
trap. The mixture to be distilled was introduced into the 
flask, a solution of 3 gnn. of potassium iodide in 100 cm^ of 
water was put into the receiver and trap and during the 
distillation a slow current of carbon dioxide was passed 
through the apparatus to keep the boiling regular. Naturally 
the acidified solution of the iodide in the flask retains with 
great tenacity traces of dissolved iodine, so that, in order to 
determine all the iodine liberated in the reaction, the residue 
in the flask as well as the distillate in the receiver and trap 
was titrated in the usual way with sodium thiosulphate. 
The details of treatment and the results are recorded in 
Table III. 









TABLE 


ni. 






SeO, 
taken. 


Klin 
flaak. 


HClin 

flaak. 

(8p.gr. 1.20). 


Total 
volume 
boiled. 


Time 

in 

minutes. 


found. 


Error. 


gnn. 


grm. 


cm' 


cm* 




grm. 


grm. 


0.0499 


1 


6 


60 


6 


0.0497 


0.0002- 


0.0499 


1 


6 


eo 


5 


0.0497 


0.0002- 


0.0499 


1 


6 


60 


10 


0.0496 


0.0003- 


0.2000 


8 


6 


60 


10 


0.1996 


0.0006- 


0.2000 


3 


6 


60 


10 


0.1991 


0.0009- 


0.2028 


3 


6 


60 


10 


0.2018 


0.0006- 


0.6018 


3 


6 


60 


10 


0.4686 


0.0388- 



These results are all fairly good, though all a little deficient, 
for amounts of selenium dioxide up to 0.2 grm. ; but when the 
amount of the dioxide reaches 0.5 grm. the iodine found in 
the distillate and in solution in the residue falls far below 
the theory based upon the assumption that the products are 
selenium, iodine, and water. The selenium in the residue 
was left after the boiling in fine dense crystalline condition 
in the experiments with the smaller amounts, so that it did 
not interfere with the titration of the free iodine; but in 
the last experiment, in which approximately 0.6 gram of the 
dioxide was treated, the selenium remained in pasty form 
adhering to the flask. Subsequent examination proved that 
the pasty selenium held iodine, which was liberated slowly 
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to water and more rapidly to on aqueous solution of potas- 
sium iodide. 

The largest errors have been found (excepting that of the 
last expeiiment from the discussion) when the free iodine was 
filtered off from the reduced selenium; better results were 
obtained when the precipitated selenium was first treated 
with the thiosulphate before filtering; and in the distillation 
process the best approximations are made to true indications. 
It is obvious that as the proportion of selenium and iodine 
increase, the tendency to form a combination is more mani- 
fest. The error thus introduced in the determination of the 
selenium dioxide by the distillation process is allowable up 
to the limit of 0.2 grm. 

Potassium iodide in hydrochloric acid acts much less readily 
upon selenic acid than upon selenious acid. When the hydro- 
chloric acid is present in small proportions in the mixture of 
selenic acid and the iodide the reduction is very imperfect, but 
it tends to approach completion as the strength of hydrochloric 
acid is increased. 

It is obvious, in the light of the previous experiments with 
selenious acid, that it is unreasonable to expect the full 
liberation of iodine in the action of selenic acid upon the 
iodine when the free iodine is not removed from the sphere 
of action as it is liberated. In the distillation process the 
case is otherwise, and there is no reason to anticipate that 









TABLE 


IV. 






take! 


Klin 
flaak. 


HCl 

flaak. 

(8p.gr. 1.20). 


Total 
Tolume 
boiled. 


Time 

in 

minntea. 


found. 


Error. 


grm. 


grm. 


cm» 


em* 




grm. 


grm. 


0.0508 


1 


6 


60 


6 


0.0598 


00000 


0.0698 


1 


6 


60 


5 


0.0591 


0.0002- 


0.0593 


3 


6 


60 


10 


0.0596 


0.00084- 


0.1779 


3 


6 


60 


10 


0.1769 


O.OOIO- 


0.1779 


3 


6 


60 


10 


0.1780 


0.0001+ 


0.1779 


8 


6 


60 


10 


0.1764 


0.0016- 



the determination of selenic acid should present greater 
diflBculty than is encountered in treating selenious acid imder 
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similar circumstances. The experiments of Table IV, in 
which selenic acid (obtained by oxidizing known amounts 
of selenium dioxide by means of potassium permanganate 
in the manner described in a previous paper from this labora- 
tory) * is treated according to the distillation method outlined 
above for the determination of selenious acid, show that this 
expectation is realized, and that the analytical results are 
fairly good. 

In conclusion, it is plain that while the simple contact of 
solutions of selenious acid or selenic acid and potassium 
iodide acidified with hydrochloric acid does not determine 
the liberation of the fuU amount of iodine which would be 
expected if selenium, iodine, and water were the sole products 
of action, it is possible to bring about such action with a 
close approximation to completeness, when the amoimts of 
selenium present are not too large, by submitting such 
mixtures to distillation. We prefer, in applying the reaction 
to analytical purposes, to work with the apparatus and imder 
the conditions described — treating, preferably, not more than 
0.2 grm. of the selenium oxide, using from 1 grm. to 3 grm. 
of potassium iodide in the distilling-flask with 5 cm* of strong 
hydrochloric acid in a total volume of 60 cm^ and continuing 
to boil for ten minutes. 

* Gooch and Clemons, Am. Jour. Sci., 1, 61. This yolome, p. 297. 
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THE QUANTITATIVE DETERMINATION OP 
PERCHLORATES. 

By D. albert KBEIDEB.* 

The method usually employed for the quantitative detennina- 
tion of perchlorates, by igniting to the chloride and weighing 
the halogen as the silver salt, is indirect and subject to error, 
especially, as my experience proved, where the free acid is to 
be determined and where, consequently, an alkali which is 
apt to contain chloride is used to form the salt for the 
ignition. To purify the salt for this method only adds to 
the complication, and therefore a more satisfactory process 
was sought. In a recent article f from this laboratory, a 
method for the detection of alkaline perchlorates associated 
with chlorides, chlorates and nitrates were detailed, with 
mention of certain efforts towards a quantitative determina- 
tion. As throwing light upon the peculiar properties of 
perchlorates, and as an introduction to the satisfactory method 
which I have finally developed, some of the results of these 
earUer efforts will here be given. 

In studying the properties of perchloric acid in the form of 
its potassium salt, we foimd that when treated with potassium 
iodide in the presence of boiling phosphoric acid, no reduction 
of the perchlorate is effected; unless indeed, the boiling be 
continued till the temperature rises to 215° to 220° 0., where 
the meta-phosphoric acid begins to form. But when the 
meta-phosphoric acid (made by heating the syrupy ortho-acid 
to 360° C.) is directly applied in the presence of potassium 
iodide and kept at a temperature of about 200° C, iodine is 

* From Am. Jour. Sci., 1, 287. 

t Gooch &nd Kreider, Am. Jour. Sci., zItUI, 38. This yolume, p. 246. 
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copiously evolved. To test this reaction quantitatively a 
number of experiments were made in an apparatus consisting 
of a retort, into the tubulature of which a glass tube was 
carefully ground and prolonged so as to reach to the bottom 
of the bulb and serve for the passage of a current of carbon 
dioxide, used to expel the air and carry the iodine into the 
receiver. The neck of the retort was bent so as to reach to 
the bottom of an Erlenmeyer receiving vessel, containing a 
solution of potassium iodide, which was trapped by a side- 
necked test tube. After introducing the perchlorate with 
the iodide and metorphosphoric acid, all air was expelled 
by carbon dioxide and heat applied. The iodine collected in 
the receiver was titrated with decinormal thiosulphate, from 
which the perchlorate was calculated. 

Table I gives the results of several experiments performed 
in this way, which prove that even with a large excess of 
potassium iodide the perchlorate is so slowly reduced that 
the hydriodic acid escapes before the reduction is completed. 
In order to delay the distillation of hydriodic acid imtil the 
perchlorate had been completely reduced, the potassium iodide 
of experiment (3) was introduced in a short tube sealed at 
one end, so that the metarphosphoric acid could attack it 
only slowly, and the heat quickly raised to about 800° C, 
but evidently without advantage. In experiment (4) the 
iodide was introduced in the same way, but the heat was 
applied gradually and more moderately, with considerably 

improved results. 

TABLE I. 



Exp. 


ECIO4 taken. 


HOPOsOBed. 


KIoBed. 


KCIO4 found. 


Error. 


(1) 
(2) 
(3) 
(4) 


grm. 
0.1000 
0.1000 
0.1000 
0.1000 


cm* 
16 
17 
16 
16 


gnn. 

6 

10 

6 

6 


grm. 
0.0741 
0.0844 
0.0364 
0.0977 


grm. 
0.026^ 
0.0166- 
0.0686- 
0.0023- 



A complete reduction of the perchlorate evidently necessi- 
tated the means of introducing the iodide in sufficient quantity 
and at will. 
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For this purpose the tube serving for the introduction of 
carbon dioxide was enlarged so as to hold the iodide, which 
could then be added to the solution at any time by a manipular 
tion of the rubber conducting-tube for carbon dioxide, which 
would draw the acid up to the iodide and, retreating, would 
cany back an easily regulated quantity of the latter. 







TABLE 


IL 




Kxp. 


KC10« taken. 


Eliued. 


KC10« f oond. 


Brror. 




grm. 


grm. 


grm. 


gmi. 


(5) 


0.1000 


6 


0.0084 


0.001^ 


(6) 


0.1000 


3 


0.0924 


0.007^ 


(7) 


0.0600 


2 


0.0608 


0.00084- 


(8) 


0.0600 


2 


0.0479 


0.0021- 


(9) 


0.1000 


7 


0.0977 


0.0023- 


(10) 


0.1000 


8 


0.0926 


0.0076- 


(11) 


0.1000 


8 


0.0999 


0.0001- 


12 


0.1000 


2 


0.0994 


0.0006- 


(18) 


0.1000 


4 


0.0966 


0.0034- 



Table II gives a number of results obtained in this way. 
Experiments (10), (11), and (12) differed from the others 
only in the employment of a bulb pipette instead of the retort, 
one end being bent so as to reach to the receiver and the other 
cut off rather short with a tube ground into it, serving the 
same purpose of conducting carbon dioxide and holding potas- 
sium iodide, the greater inclination of the potassium iodide 
tube made possible by this change appearing to offer advantages 
for the more gradual and regular introduction of the iodide. 
The amount of meta-phosphoric acid used was in all cases 
15 cm^. In experiment (13) heat was applied by means of a 
bath kept at 230*^. 

While several of these determinations gave only admissible 
errors, the irregularity of the remainder and the uncei-tainty 
in striking just the proper conditions for good results, proved 
the method worthless at least in that shape. 

The experiments of Table III record the results of adding 
the acid drop by drop to an intimate mixture of the powdered 
perchlorate and iodide kept hot. 
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Exp. 


EC10« taken. 


EI taken. 


KC10« found. 


Error. 


(14) 
(16) 
(16 


gnn. 
0.1000 
0.0600 
0.0500 


gnn. 
4 
2 
8 


gnn. 

o.iase 

0.0602 
0.0516 


grm. 
0.0086+ 
0.0002+ 
0.0016+ 



The high results of this table doubtless point to the dis- 
sociation of hydriodic acid or to the partial reduction of 
the meta-phosphoric acid in the temperature, which would 
naturally rise higher where so small an amount of liquid was 
present. But when the meta-phosphoric acid was there in 
greater amount the distillation of the hydriodic acid before the 
complete reduction of the perchlorate could not be prevented. 

An ordinary mixture having thus been found insufficient 
to hold the hydriodic acid to the reduction of perchlorates, a 
search for some compound in which the perchlorate could 
be fused with an excess of potassium iodide and the mixture 
thus obtained subjected to the action of meta-phosphoric acid 
resulted in the employment of zinc chloride. Anhydrous zinc 
chloride was found to fuse at about 200° C. The perchlorate 
and iodide could be added to this fusion and the whole melted, 
thoroughly diffused, and cooled without any evolution of iodine. 
This mass, when treated with metarphosphoric acid in the ap^ 
paratus previously employed, melted gradually with a copious 
evolution of iodine. Table IV shows the quantitative action. 
The amount of zinc chloride used was roughly taken about 
equal to that of the iodide. 

TABLE IV. 





Ka04 taken. 


KI taken. 


KCIO4 found. 




(17) 
(18) 
(19) 


grm. 
0.0500 
0.0000 
0.0000 


grm. 
5 
5 
4 


grm. 
00662 
00044 
0.0067 


grm. 
0.0062+ 
0.0044+ 
0.0067+ 



In (19) a mixture of cadmium iodide and potassium iodide 
taken in the proportion of their molecular weights was substi- 
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tuted for the zinc chloride. The known salt corresponding to 
the formula Cdlj . 2KI + 2HjO was not so convenient because 
of its high melting point, 230"* C. ; but when the two iodides 
are taken in the proportion of their molecular weights, the 
mixture fuses at about 200° C. Although this mass after 
fusion was more easily soluble than the zinc residue, the blank 
determination revealed a source of error equally disparaging. 

Graseous hydiiodic acid passed into a mixture of the perchlo- 
rate and meta-phosphoric acid at a temperature between 200® 
and 800° C was markedly less effective than the generation 
of the acid on the spot; and the distilling of the perchloric 
acid by meta-phosphoric acid into a receiver of potassium 
iodide yielded only a trifling amount of iodine, while the 
passage of hydriodic acid over the fusing perchlorate in a short 
combustion tube was precluded by the high melting point of 
the perchlorate endangering the dissociation of the halogen. 

The invariably high results obtained by the use of meta- 
phosphoric acid in all those experiments in which there was a 
reasonable assurance that the hydriodic acid was held till the 
perchlorate was completely broken up, — experiments (18), (14), 
(15), (17), (18), and (19), — indicated either a dissociation 
of hydriodic acid or a partial reduction of the meta-phosphoric 
acid. Of the latter cause there were some grounds for suspicion, 
but as its determination led too far from the object of the 
investigation, the use of phosphoric acid was abandoned. So 
far as our experience extended there remained then nothing 
among the reagents of the wet methods which was sufficientiy 
active and stable enough to warrant its application. Fusion 
alone seemed capable of extracting the oxygen from the per- 
chlorate. A number of preliminary tests were therefore 
made on certain salts of the halogens, in the hope of finding 
one which would be acted upon by the oxygen of the perchlo- 
rate Avith the liberation of the halogen, which latter could be 
collected in a receiver of potassium iodide and titrated with 
thiosulphate. 

The double chloride of aluminimi and sodium, AljCU . 2NaCl, 
melts at about 200° C, and was in other respects desirable. 
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When fused with potassium perchlorate, chlorine was copiously 
evolved. The action of air on the fusion also liberated chlorine ; 
but blank determinations in an atmosphere of carbon dioxide 
proved that imder these conditions not a trace of chlorine was 
evolved. The apparatus employed for a quantitative test of 
this reaction on perchlorates consisted of a small distilling 
flask of about 20 cm^ capacity, into the tubulature of which 
was ground a piece of glass tubing reaching well into the bulb 
and serving for the passage of carbon dioxide. The side 
neck was sealed to one of two connected Will and Varrentrapp 
absoi'ption bulbs containing a solution of potassium iodide to 
receive the chlorine. After weighing the perchlorate into the 
flask and adding a sufficient amoimt of the powdered double 
chloride, all air was expelled by carbon dioxide and heat 
applied till the fused mass was raised considerably above 
the melting point and kept there for some time. Table V 
contains the results of a number of experiments performed in 
this way. 

TABLE V. 



Kxp. 


KCIO4 taken. 


KC10« found. 


Error. 


(20) 
(21) 
(22) 
(28) 
(24) 
26) 
26) 


ppppppp 


grm. 
0.0488 
0.0482 
0.0460 
0.1175 
0.1018 
0.0477 
0.0946 


grm. 
0.0062- 
0.0018- 
0.0040- 
0.0018- 
0.0021- 
0.0023- 
0.0067- 



These results came so close to being quantitative that a 
little help in the form of free acid seemed all that would be 
necessary to complete the reaction. But the addition of 
meta-phosphoric acid to the cooled mass after the fusion in 
(22) gave no additional evolution of iodine. In (25) gaseous 
hydrochloric acid was passed in with the carbon dioxide in 
the hope of meeting the deficiency, but was evidently no 
improvement. One test in which meta-phosphoric acid was 
added to the fusion, resulted in such a violent evolution of 

21 
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hydrochloric acid that the whole contents of the flask was 

forced into the receivers. 

The results obtained by substituting (a) cadmium iodide 

and (J) anhydrous zinc chloride for the double chloride of 

aluminum and sodium are recorded in Table VI. In (27) 

(28) and (29) cadmium iodide was used and the iodine 

obtained by treating the cooled mass with dilute sulphuric 

acid (1 : 6) and potassium iodide for the reduction of cadmium 

oxide in each case added to that of the receivers. In (80) and 

(81), zinc chloride was employed, but no additional iodine was 

obtained by treatment with sulphuric acid and potassium 

iodide. 

TABLE VL 



Kxp. 


KCIO, Uken. 


KCIO4 found. 


Kptot. 


(27) 
(28) 
29) 
(80) 
(81) 


gnn. 
0.1000 
0.1000 
0.1000 
0.1000 
0.1658 


grm. 
0.0745 
0.0698 
0.0679 
0.0245 
0.1156 


gnn. 
0.0255- 
0.0807- 
0.0821- 
0.0755- 
0.0497- 



. In (81) manganous chloride was mixed with the zinc 
chloride in the proportion of 2 : 1 in the hope of strengthening 
the reducing action. The black color of the fusion revealed 
the formation of manganese dioxide, the equivalent of which 
in iodine was obtained by dissolving the cooled mass in water, 
adding dilute sulphuric acid and a known amount of ammo- 
nium oxalate, titrating the residual oxalate with permanganate 
solution and calculating the difference into iodine which was 
added to that obtained by titrating the contents of the 
receivers. This addition of manganous chloride to the fusion 
of the double chloride of aluminum and sodium was forestalled 
by the necessity of subsequent solution of the fused mass, 
which contained an impurity in the form of ferric chloride, 
which of course in the presence of hydriodic acid would be 
reduced with evolution of iodine. 

It was evident from all these results, as well as those 
obtained by use of other salts not necessary here to record, 
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that fusion with salts of the halogens would not suffice for 
the complete reduction of perchlorates, or at least would not 
quantitatively register the result in the halogen liberated. 
The well known reaction of the oxidation of chromic oxide 
by fusion with alkaline carbonates was also applied. A 
combustion tube was used for the fusion, sealed at one end 
and, after the insertion of chromic oxide with a mixture of 
sodium and potassium carbonate, constricted at the other end 
so as to admit a small tube by which carbon dioxide could be 
entered to expel all air. A blank determination gave no 
chromate. When 0.1 grm. potassium perchlorate was mixed 
with an excess of chromic oxide and alkaline carbonate and 
carefully fused from the top and kept in a state of fusion 
throughout its length in an atmosphere of carbon dioxide, the 
fusion subsequently dissolved in water and the chromic oxide 
removed by filtration, an amount of chromate was obtained 
on titration equivalent to only 0.0847 grms. of potassium 
perchlorate. 

Powerful as were the various reducing agents employed for 
the decomposition of perchlorates, they were all successfully 
resisted, even at the highest permissible temperatures ; and if 
anything is proved by the results of the experiments above 
recorded, it is that perchloric acid is, in combination, one of 
the most powerful and stable acids known. Certainly nothing 
short of high temperatures is capable of overcoming the 
remarkable affinity by which the oxygen of this acid is held 
by its salts. At about 400° C. the potassium salt fuses with 
evolution of oxygen, and as a last resort an attempt was made 
to have the oxygen thus obtained act on hydriodic acid by 
intervention of nitric oxide. It was the application of this 
principle that led to the final method, which, both as to 
manipulation and results, leaves nothing to be desired. 

The method is essentially the collection of the oxygen of 
the perchlorate ; its subsequent passage into an atmosphere of 
nitric oxide over a strong solution of hydriodic acid, and the 
titration of the iodine thus liberated with decinormal arsenic 
in alkaline solution. The apparatus employed consisted of a 
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piece of combustion tubing 10 or 12 cm. in length, drawn out 
at one end to a narrow constriction of length sufficient to 
prevent the action of the heat on the rubber tubing connecting 
it with a receiver filled with caustic potash. The tube must 
of course be cleansed from all organic materials and cannot be 
safely employed for more than three fusions. A platinum 
boat (porcelain fusing to the glass) served for the introduction 
of the perchlorate to the combustion tube, and in order to 
bring about a gradual and quiet fusion the perchlorate was 
covered with a small amount of an equal mixture of dry and 
pure sodium and potassium carbonates. Carbon dioxide 
obtained from a Kipp generator, the acid and marble of which 
had been previously boiled to expel all traces of air, and to 
which a little cuprous chloride had been added to take up any 
oxygen which might be absorbed from the top, was passed 
through a solution of iodine in potassium iodide to remove a 
trace of reducing agent which it was found to contain, and then 
washed with potassium iodide solution before being used. The 
larger end of the combustion tube was closed with a perforated 
rubber stopper by which it was attached to the carbon dioxide 
apparatus. After all air had been expelled from the inclined 
tube by means of carbon dioxide, it was connected by a short 
glass capillary and vacuum tubing joints with the receiver, 
into which about 50 to 100 cm^ of gas was allowed to flow 
before the combustion was started and thus when only a small 
but inevitable bubble remained insoluble in the caustic potash 
the complete removal of air was indicated. To prevent the 
caustic potash from drawing into the combustion tube, a little 
more carbon dioxide was entered, when the current was closed 
by a pinch-cock on the side towai-ds the generator and heat 
gi*adually applied — with perforated asbestos cards on either 
side to check its radiation to the rubber — and continued till 
the contents of the platinum boat was in a quiet state of 
fusion. By lowering one of the bulbs of the caustic potash 
receiver, the oxygen w^s evolved under slightly diminished 
pressure and thus tlie chances of loss decreased. Then the 
tube was again inclined and carefully annealed, while a current 
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of carbon dioxide carried all of the oxygen into the receiver, 
which was then closed and disconnected. As a receiver, two 
levelling bottles were found vastly superior to a burette ; the 
glass stop-cocks of the latter giving continual trouble by the 
action of the caustic potash upon them. I found that gas 
could be removed from a levelling bottle without the loss of a 
particle if a perforated rubber stopper containing a capillary 
tube, which reached just even with the narrower end, was by 
a slight twist forced tightly into the neck of the bottle. In 
this way a regular funnel shape was obtained and the oxygen 
could be withdrawn without the slightest bubble remaining. 
The other end of the capillary was fitted with a short piece of 
vacuum tubing and screw pinch-cock, which worked incom- 
parably better than the glass stop-cocks. The larger capacity 
of the bottle was favorable for the volume of oxygen evolved 
and its shape offered superior facilities for the absorption of 
carbon dioxide. 

For the action of the oxygen on hydriodic acid through the 
medium of nitric oxide, various devices were tested. Passing 
it directly into nitric oxide over a solution of hydriodic acid in 
a Hempel absorption bulb was found to yield low and irregular 
results, due doubtless to the formation of nitric acid wherever 
the nitrogen tri*oxide, or per-oxide as the case might be, met 
water in which the hydriodic acid had been exhausted ; as, for 
instance, along the sides of the bulb. Shaking the bulb as the 
oxygen entered improved the action, but was not sufficient. It 
was evident that for a complete action, the hydriodic acid 
solution must be strong and on the spot where the higher 
oxide of nitrogen is formed; and to avoid excessive use of the 
iodide the volume of water must be kept at a minimiun. Let- 
ting a solution of hydriodic acid saturated with nitric oxide 
flow slowly into the Hempel bulb in which the oxygen was 
contained over water, was so slow in its action that a quanti- 
tative test was not applied. The plan of mixing the two 
gases under a strong solution of hydriodic acid by means of 
two capillaries with adjoining openings, was more effective 
and rapid, but it was wasteful of nitric oxide, which for 
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complete action would have to flow in continual excess, 
whereas only a small amount of nitric oxide would leally be 
necessary for the reaction, since it could be used and reused 
for the transfer of free oxygen to the hydriodic acid. A simple 
piece of apparatus was then devised to meet all these conditions. 
It consisted of a 100 cm^ bulb pipette, cut off short at either 
end with stop-cocks sealed to both stubs. The delivery tube 
of one of the stop-cocks was cut off rather short after being 
tapered and restricted so as to hold a rubber connector tightly, 
while tlie other delivery tube was left long enough to reach 
to the bottom of an Erlenmeyer beaker. It is a convenience 
to have these conducting tubes 8 or 4 mm. in diameter rather 
than capillaries, since for the various connections all air may 
be expelled from them by displacement with water, which is 
easily accomplished by using a long nozzled wash bottle. By 
attaching the shorter end to an ordinary water pump the air 
was partially exhausted when the stop-cock was closed and the 
bulb disconnected and lowered into a solution of hydriodic 
acid of approximately known strength, obtained by acidifying 
potassium iodide with hydrochloric acid. When the desired 
amount of liquid had been drawn in, the stop-cock was closed 
and connection made with the carbon dioxide, by which all 
residual air was expelled. Then the bulb, held so as to 
prevent the escape of the liquid, was again exhausted by 
attachment to the pump. After about 10 cm^ of nitric oxide 
had been admitted, attachment was made to the receiver con- 
taining the oxygen, which was allowed to enter slowly under 
the diminished pressure within the bulb, and with continuous 
shaking of the contents of the latter. The latter precaution 
is essential to the process, as otherwise there is imperfect 
distribution of the hydriodic acid and the danger of forming 
nitric acid. But when the solution of hydriodic acid is kept 
strong and the shaking continued while the oxygen enters and 
for a minute or two afterward, depending on the rapidity with 
which it was admitted, the oxygen may be allowed to enter 
quite rapidly without any fear of imperfect action. The 
oxygen being immediately utilized, the partial vacuimi is 
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affected only by the heat generated, which is scarcely notice- 
able. As a rule the bulb and contents were weU cooled before 
the oxygen was admitted. 

It is necessary of course to prevent the access of air into the 
bulb until the acid has been neutralized, to accomplish which, 
without loss of iodine, potassium carbonate must be used, at 
least for the end reaction. To remove the contents of the bulb 
for titration, the two delivery tubes were filled with water, 
after removing all sodium hydrate from the one through 
which the oxygen was entered ; the shorter end connected to a 
supported fimnel containing a saturated solution of bi-car- 
bonate and the longer one inserted into an Erlenmeyer beaker 
containing a saturated solution of bicarbonate in amount 
sufficient — as previously determined — to neutralize all the 
acid taken. By opening that stop-cock the delivery tube of 
which reaches below the liquid in the beaker, the bi-carbonate 
is drawn in by the partial vacuum, with liberation of sufficient 
carbon dioxide to force all the liquid out. Owing to the con- 
sequent effei-vescence as the liquid gains its exit, the flow 
must be regulated by the stop-cock so as to avoid loss of 
iodine, which is prevented by inclining the beaker so that the 
bubbles strike against its side instead of being allowed to 
splatter out of the opening. To wash out the bulb, it is raised 
almost horizontally, so as to prevent the liquid from running 
through, and the upper stop-cock opened to admit the bicar- 
bonate from the funnel. Both stop-cocks are then closed, the 
bulb disconnected and agitated, after which it may be washed 
with water and admission of air without any fear of liberating 
more iodine. An excess of decinormal arsenic is then run 
into the beaker and titrated back with iodine. 

The many little precautions essential to note for the 
manipulation are in practice accomplished in a few moments. 
Seven determinations (not counting one which was all but 
completed, when an accident terminated it) from the weighing 
of the perchlorate to the titration, were completed in one 
day ; and the results recorded in Table VII show with what 
reliability. In making the series of experiments recorded in 
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Table VII, it was found expeditious to have a partial vacnom 
always accessible instead of waiting each time for the exhaus- 
tion. This was obtained by connecting a vacuum flask with 
a two-holed stopper to an ordinary water pump, and having 
the other perforation fitted with a glass stop-cock* The 
bulb was merely attached to the vacuum by a piece of rubber 
tubing; the stop-cock opened and closed immediately, by 
which means a suflBcient exhaustion was secured. To have 
the vacuum always in readiness a valve, described in a former 

TABLE VIL 



Eip. 


EClO. 


EI 


HCl 


KCIO« 

foimd. 


Error. 




gTHL 


gitll. 


mn' 


gnu. 


grnu 


(32) 


0.1000 


3 


3 


0.1003 


0.000«+ 


<33) 


0.1000 ! 


3 


8 


0.1006 


0,00064- 


{S4) 


0.1000 


3 


3 


0,0998 


0.0002- 


{35) 


aiooo 


4 


4 


0,1003 


0.0003+ 


m) 


0.1000 


3 


3 


0.1003 


0.0003-h 


^37) 


0.1000 


3 


4 


0.0999 


0.0001- 


im 


OJOOO 


a 


3 


0.1003 


0.0003+ 


m) 


OJOOO 


s 


4 


0.1001 


0.0001+ 


\m 


ai5oo 


3 


4 


0,1493 


0.0007- 


(41) 


Ciiooo 


& 


6 


O.lGftfl 


0.0001- 


m 


0^000 


6 


5 


0.2000 


0.0009+ 


(48) 


O.OIOO 


3 


3 


0.0099 


0.0001- 


(44 
(46) 


O.OIOO 


3 


3 


0,0100 


0.0000 


0.0000 


S 


3 


0.0003 


0.000«+ 



article of mine,* was placed in the rubber leading to the 
pump, and when lubricated with glycerine would hold the 
vacuum perfectly. The nitric oxide employed was supplied 
by a Kipp generator, in which globules of copper were acted 
upon by nitric acid mixed with an equal volume of water. 
To purify the gas evolved from any possible trace of the 
higher oxides, it was first passed through an acidified solution 
of potassium iodide in Geissler absorption bulbs, the last 
one of the three being alkaline. This method of generating 
nitric oxide in a Kipp generator (preferably charged with 
dilute acid and kept warm by immersion in hot water when 

» Am. Jour. Sci., 1, 132. This Yolnme, p. 307. 
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large amounts of the gas are to be drawn at frequent 
intervals) was devised by Professor Gooch, by whom it has 
been employed for some time. It is automatic and eminently 
satisfactory. The hydriodic acid was obtained from a solu- 
tion of potassium iodide containing one gram in ten cubic 
centimeters; thirty cubic centimetera being taken for each 
experiment, and acidified with the required amount of 
hydrochloric acid immediately before using, so as to prevent 
any liberation of iodine by the oxygen of the air. In those 
experiments in which more than this amount of potassium 
iodide was employed a correspondingly stronger solution of 
the latter was used, so that the volimie of water was in all 
cases thirty cubic centimeters. 

In experiments (40) and (48) during a momentary pause 
in the shaking of the bulb during the absorption, a black 
deposit of iodine began to form on the glass, and the result 
proves the importance of the precaution previously given, 
that the hydriodic acid should be kept hurling about the 
bulb until the action is completed. The blank determination 
(45) shows a constant error of the process which is about 
0.0003 + and will be seen to correspond very closely to the 
average error of the determination. The cause is doubtless 
to be attributed to the trace of air which may remain in the 
bulb or be dissolved in the water. Since it can easily be 
determined and the correction made, it does not detract in 
any degree from the reliability of the determination. 

To determine perchloric acid associated with other oxidizing 
agents it is only necessary to treat the mixture with the 
reagents which this investigation and the one referred to has 
sho\Mi to accomplish the reduction without affecting the 
perchlorate ; subsequently evaporating to dryness and treating 
the residue according to the above process, viz., by heating 
in a current of carbon dioxide until decomposition is com- 
plete ; collecting the oxygen over caustic potash ; allowing it 
to enter a partial vacuum bulb containing a solution of potas- 
sium iodide, hydrochloric acid, and nitric oxide under constant 
agitation; and determining by means of a standard solution 
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of arsenic the amount of iodine set free. The method ig 
proving applicable also to the determination of oxygen in air 
or wherever it may be obtained in the free state, nnless 
diluted to such an extent with other gases that the vacuum 
would be filled by the diluent; even this contingency could 
be met by enlargement of the absorption bulb. 



XLVI 

THE REDUCTION OF SELENIC ACID BY 
HYDROCHLORIC ACID. 

By F. a. GOOCH and P. S. EVANS, Jb.* 

It has long been known that selenic acid is reducible by 
hydrochloric acid with evolution of chlorine, but the reaction 
was regarded as more or less uncertain until Petterson showedf 
that conditions of action may be secured under which the 
reduction proceeds so regularly that the chlorine evolved may 
be estimated iodometrically and taken as the measure of the 
selenic acid originally present, or of the selenious acid produced. 
According to this method of determination, it is only necessary 
to boil a solution of selenic acid in hydrochloric acid of 
moderate concentration, and if the solution is not too dilute 
the reduction is obtained ip. a few moments. Petterson did 
not, however, fix with exactness the limits of dilution within 
which a successful determination of the selenic acid may be 
expected. The object of this paper is to record the results 
which we have obtained in studying more closely the conditions 
necessary to an accurate and rapid reduction. We have used 
in our experiments solutions of selenic acid prepared by 
oxidizing pure, white, resublimed selenium dioxide according 
to the method laid down in a previous paper from this labora- 
toryj for the quantitative determination of that substance. A 
portion of the crystalline oxide, approximately 2 grams, was 
carefully weighed, dissolved in 120 cm^ of water containing 
one-twelfth of its volume of sulphuric acid, and treated with a 
strong solution of potassium permanganate until the color 

« From Am. Jour. Sci., 1, 400. 

t Zeitschr. anaL Chem., zii, 287. 

t Gooch and ClemonB : Am. Jour. Sci., 1, 61. This volume, p. 297. 
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characteristic of a distinct excess of that reagent prevailed 
distinctly over that of the brown oxide of manganese thrown 
down in the oxidation. The liquid was warmed to about 60^ 
C, bleached by oxalic acid, and the excess of this reagent was 
destroyed by more permanganate. On account of the tendency 
of manganous salts, when present in considerable amount 
in warm solutions containing but little free acid, to react upon 
any considerable excess of permanganate with the deposition 
of higher oxides of manganese, it is generally necessary to 
repeat the bleaching and oxidizing process two or three times 
before the final color of a slight excess of the permanganate 
remaiDS in clear solution and indicates the completion of the 
oxidation of the selenium. Finally, the liquid was filtered, 
diluted carefully to the volume of 1 litre, and used as a 
standard solution. 

To determine in a general way the point of dilution at 
which mixtures of selenic and hydrochloric acids yield chlorine, 
we submitted various mixtures to distillation in a retort 
arranged with an inverted condenser (so that the aqueous 
distillate might be constantly returned to the retort) which 
was joined to an absorption apparatus charged with a solution 
of potassium iodide. A current of carbon dioxide was passed 
through the apparatus during the distillation, to carry forward 
whatever chlorine might be evolved in the process. The 
iodine liberated in the absorption apparatus was determined by 







Per cent of 






SeOs present. 


Total TOlome. 


volume. 


Time in 
minutea. 


Chlorine in teima of 
the theoretioal totaL 


grm. 


cm» 








0.1144 


100 


6 


6 


None. 


0.1144 


100 


10 


6 


None. 


0.1144 


100 


16 


6 


About 1%. 


0.1144 


100 


20 


6 


About 7%. 


0.1144 


100 


25 


6 


About 80%. 


0.1144 


100 


80 


6 


About 70%. 



titration with standard sodium thiosulphate. The results of 
these experiments are given in the accompanying table. 

It is plain that so long as the volume of the hydrochlorio 
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acid, sp. gr. 1.20, does not amount to more than ten per cent 
of the entire liquid no chlorine whatever is evolved and that 
only when the percentage of this acid rises as high as thirty 
does the chlorine evolved during boiling for five minutes 
approach the theoretical yield. In the ordinary process of 
distillation, in which the inverted condenser is not used, the 
liquid must gradually concentrate and the acid become 
stronger, so that under such conditions the yield of chlorine 
in a definite period of time must generally be greater than 
that obtained in the corresponding experiments of the table. 
Obviously it is advantageous, in attempting the practical 
reduction of selenic acid, to begin the distillation with acid of 
strength suflBcient to insure the evolution of chlorine in 
quantity at the outset, and we have found it best to start with 
a mixture one-third of which is the strongest aqueous hydro- 
chloric acid, sp. gr. 1.20. With solutions so constituted the 
reduction goes on rapidly. We have found, however, that 
care must be taken not to prolong the boiling after the solution 
reaches a concentration corresponding to hydrochloric acid of 
half-strength; for under such conditions — attained in our 
experiments either by boiling down mixtures of selenious acid 
and hydrochloric acid, or by making mixtures of selenious acid 
containing hydrochloric acid of halfnstrength — we have found 
that selenium appears visibly in the distillate, while iodine is 
set free from the iodide in the receiver. Good results may be 
expected when the mixture, containing one-third of its volume 
of the strongest aqueous hydrochloric acid at the beginning, is 
boiled until all chlorine is expelled, care being taken that the 
volume of the liquid shall not become less than two-thirds of 
the original volume. 

These are conditions which are easily kept; and we have 
found that from solutions having a total volume of 75 cm^ and 
containing 25 cm^ of the strongest aqueous hydrochloric acid 
(sp. gr. 1.20), the entire amount of chlorine corresponding to 
the reduction of 0.2 grm. of selenic acid to selenious acid is 
liberated in ten minutes. The details of these experiments 
are given in the accompanying table. 
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8e = 79.1, = 16. 



8eO, taken. 


Totol Tolnme 
at the 
oatwt. 


HOL 

sp. gr. 1.20, 

preeeni. 


Tbaein 


BeO^ found. 


■nor. 


grm. 


om* 


om* 




grm. 




0.0672 


76 


26 


10 


0.0608 


0.0004- 


0.0672 


76 


26 


10 


0.0660 


0.0008- 


0.1144 


76 


26 


10 


0.1143 


0.0001- 


0.1144 


76 


26 


10 


ail87 


0.0007- 


0.1144 


76 


26 


10 


0.1147 


0.0008+ 


0.2288 


76 


26 


10 


0.2288 


0.0006- 


0.2288 


76 


26 


10 


0.2279 


0.0009- 
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THE REDUCTION OF SELENIC ACID BY POTAS- 
SIUM BROMIDE IN ACID SOLUTION. 

By F. a. GOOCH and W. S. SCOVILLE.* 

It has been shown m previous papers from this laboratory 
that potassium bromide may be used with good effect in 
presence of acid and under well-defined conditions as a 
reducer of arsenic and telluric acids. This paper gives the 
results of similar experiments made to test the interaction 
between the bromide and selenic acid. 

In our experiments we have used selenic acid caref uUy pre- 
pared by oxidizing pure, white, re-sublimed selenium dioxide 
by means of potassium permanganate in the manner described 
in the preceding paper. When intermixed with sulphuric 
acid and potassium bromide, selenic acid liberates bromine 
in proportion to the excess of acid, the bromide, and the 
elevation of the temperature. When such a solution is boiled 
the bromine is evolved and may be collected in potassium 
iodide contained in any appropriate receiver, and the iodine 
thus set free may be determined by standard sodium thiosul- 
phate and taken as the measure of the bromine distilled. We 
have found an apparatus previously used in this laboratory 
in similar work (made by sealing the exit tube of a Voit 
wash-bottle, used as a retort, to tiie inlet tube of a Drexel 
wash-bottle used as a receiver, with a set of Will and 
Varrentrapp absorption bulbs sealed to the outlet tube of 
the receiver, to serve as a trap) extremely convenient in the 
distillation process, and a current of carbon dioxide passed 
slowly through the apparatus aids greatly in carrying the 
bromine to the receiver and in promoting quiet boiling. We 

* From Am. Jour. ScL, 1, 402. 
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find that the applicability of the reaction to quantitatiye 
purposes turns upon the adjustment of the proportions of 
the reagents used. The following table contains the results 
obtained by varying the relative amounts of acid and bromide 
and the time of boiling. The selenium trioxide recorded as 
found is calculated upon the assumption that selenious aci4 
is the product of the reduction according to the equation, 

HaSeO* + 2HBr = HaSeO« + HjO 4- Br, 
Se = 79.1, = 16. 



Kip. 


8^, 
taken M 
H^O.. 


strength. 


KBr 


Initial 
volume. 


Final 
▼olume. 


fonnl 


Xnor. 




grm. 


cm» 


grm. 


cm» 


cm» 


grm. 


gnu. 


(1) 


0.1146 


6 


1 


60 


(26 
M6 


0.1140 
0.1193 


0.000&- 
0.0048+ 


(2) 


0.1146 


6 


6 


60 


(30 
28 


0.1134 
0.1188 


0.0011- 
0.0048+ 


(8) 


0.1146 


10 


1 


60 


(27 
23 


0.1134 
0.1141 


0.0011- 
0.0004- 


(4) 


0.1146 


20 


1 


60 


36 


0.1162 


0.0007+ 


(5) 


0.1146 


20 


1 


60 


86 


0.1144 


0.0001+ 


(6) 


0.1146 


20 


6 


60 


46 


0.1172 


0.0027+ 



From these results it is apparent that the amount of iodine 
set free in the receiver is dependent upon the proportion 
of the bromide, the strength of the acid, and the degree of 
concentration during the distillation. When the proportions 
of sulphuric acid, potassium bromide, and selenic acid are 
favorable, the bromine liberated is removed rapidly to the 
distillate, leaving the residue perfectly colorless, but as the 
distillation is continued the liquid residue again takes on 
color and more iodine is set free by the action of the 
distillate upon a clear solution of potassium iodide, while 
selenium is plainly visible in the receiver. When the 
amount of potassium bromide is large its effect is to retain 
bromine in the liquid so obstinately that no period of 
colorlessness intervenes before the second stage of color 
arrives; when its amount is small while that of the sul- 
phuric acid is also small, the reduction of the selenic acid 
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and the eyolution of the bromine piogiess slowly; and 
when the amonnt of bromide is small while that of the 
acid is comparatively large, the interval of colorlessness is 
prolonged. The proportions which we found best in Vin-ndliTig 
0.25 grm. of selenic acid, or less, are an initial volume of 
60 cm^ containing 20 cm^ of sulphuric acid of half-strength 
with 1 grm. of potassium bromide. Under these conditions 
we find, as in experiments (4) and (5) of the previous table, 
that the reduction is almost theoretically exact when the 
distillation is continued until the recoloration of the boiling 
liquid is distinctiy recognizable; and this point corresponds 
in practice very closely to a concentration of volume to 
35 cm'. In the following table are gathered the results of 
further experiments in which these conditions of action were 
preserved: 



8eO|tekea 
•aa,Be04. 


H,gO«of 
hAUStnogfli. 


XBr 

taken. 


Inttial 


nud 


(HdnS^ed. 


Xnor. 


gna. 


cm* 


gm. 


cm* 


ea* 


gm. 


gna. 


0.0590 


20 




60 


86 


0.0588 


0.0002- 


0.0500 


20 




60 


86 


0.0501 


0.0001+ 


0.0614 


20 




60 


86 


0.0616 


aooo2+ 


0.0614 


20 




60 


86 


0.0607 


0.0007- 


0.1180 


20 




eo 


86 


0.1177 


coooa- 


0.1180 


20 




60 


86 


0.1180 


0.0000 


0.15»4 


20 




60 


86 


0.1627 


0.0007- 


0.2349 


20 




eo 


86 


0.2850 


0.0001+ 



It is plain from these results that, if the conditions of action 
which we have indicated are observed, the reduction proceeds 
with regularity sufficient to warrant the use of the reaction as 
an analytical process. 
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THE lODOMETRIC DETERMINATION OF 
SELENIOUS AND SELENIC ACIDS. 

By F. a. GOOCH and A- W. PEIRCE.» 

It has been shown in a recent paper from this laboratoiy f that 
the simple contact of solutions of selenions acid, potassium 
iodide, and hydrochloric acid, according to the recommendation 
of Muthman and Schaef er, J is not enough to effect the libera- 
tion of the theoretical amount of iodine when the assimiption 
is made that the selenium of the selenious acid is all reduced 
to the elementary condition. On the other hand, it was found 
that the yield of iodine is complete when such mixtures are 
submitted to distillation under well-defined conditions. It is 
necessary, however, to estimate not only the iodine which 
passes to the distillate, but that which is retained in small 
proportion in the residue, and, though this method of pro- 
ceeding yields closely accurate analytical results and is by no 
means difficult, it is obvious that a process so contrived that 
the reduction of the selenious acid should be registered 
entirely in the residue would possess the advantage in point 
of convenience. We have made the attempt, therefore, to 
apply in this case a principle of action laid down in a method 
elaborated in this laboratory for the estimation of chlorates.§ 
When a solution of arsenic acid containing potassium iodide 
and sulphuric acid is boiled xmder defined conditions || the 
arsenic acid is reduced to arsenious acid with liberation of 

* From Am. Jour. Sci., i, 31. 

t Gooch and Reynolds, Am. Jour. Sci., 1, 254. This Yolume, p. 810. 

t Ber. Dtsch. chem. Ges., xxyi, 1008. 

§ Gooch and Smith, Am. Jour. Sci., xlii, 220. This yolume, p. 82. 

II Gooch and Browning, Am. Jour. Sci., xl, 06. This Yolume, p. 80. 
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iodine. When the arsenic acid is in excess the whole of the 
iodine is evolved and the arsenious acid produced is its exact 
measure. Upon making the solution alkaline with acid potas- 
sium carbonate, the arsenious acid may be reoxidized by 
standard iodine, and the amount of iodine thus used will be 
the exact equivalent of that set free in the reduction-process. 
If, however, any other substance more easily reducible than 
arsenic acid is present, such substance should, naturally, take 
its part in liberating iodine from the iodide and the reduction 
of the arsenic acid should be correspondingly less. This was 
found to be the case wlien a mixture containing a chlorate, 
arsenic acid, potassium iodide, and sulphuric acid was boiled 
under regulated conditions, so that, with a knowledge of the 
amount of iodide employed and the determination of the 
quantity of iodine necessary to reoxidize the arsenious acid 
produced, the data were at hand for calculating the amount of 
chlorate present in the mixture. It was our hope (which 
proved to be weU-founded, as the sequel shows) that selenious 
acid would behave like a chlorate under similar conditions. 

Pure selenium dioxide was prepared by oxidizing presuma- 
bly pure selenium in strong nitric acid, evaporating the 
solution to dryness, dissolving the residue in water, treating 
the solution with barium hydroxide until precipitation ceased, 
filtering, evaporating the filtrate to dryness, subliming the 
selenium dioxide from the residue, and resubliming that 
product in a current of dry oxygen (which we foimd to be 
vastly more convenient and effective than dry air) until it 
was perfectly white and crystalline. From the oxide thus 
made a standard aqueous solution was prepared, from which 
portions were measured and (for the sake of greater accuracy) 
weighed for use in the experiments to be detailed. To each 
weighed portion of the selenious acid, contained in an Erlen- 
meyer flask of 300 cm^ capacity, was added a weighed amount 
of potassium iodide (somewhat in excess of that theoretically 
required) prepared in solution of convenient strength and 
tested as to its reducing power upon arsenic acid under the 
conditions of the expeiimei a .ution containing about 
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2 grm. of pure di-hydrogen potassium arseniate was intro- 
duced ; and, finally, 20 cm^ of sulphuric acid of halfHStrengtli. 
Protected from ordinary mechanical loss by a trap (consisting 
of a two-bulbed drying tube cut short and hung loosely 
with the wide end downward in the mouth of the flask) and 
from violent ebullition by the introduction of a few bits of 
porcelain, the liquid was boiled until the volume decreased 
according to indicating marks on the flask from 100 cm* or 
more to 85 cm* — concentration to about this lower limit 
having been found to be necessary to the completion of the 
reaction. The residue was cooled, the acid was nearly neutrar 
lized with potassium hydroxide, acid potassium carbonate was 
added until it was present to the amount of 20 cm* of its 
saturated solution in excess of the quantity needed to com- 
plete neutralization, and, after the addition of starch, standard 
iodine was introduced until the starch-blue appeared. The 
iodine introduced measured the arsenious acid (and so the 
quantity of iodine set free by tlie arsenic acid), and the 
difference between it and the iodine originally present in 
the form of the iodide represents the amount set free by 
the selenious acid. 

The following table comprises the details and results of a 
series of determinations made in the manner outUned: 

Se = 79.1, = 16 



In<tliil 
Toluxne. 


Final 
volume. 


H^04 

•treogth. 


Di-hydrogen- 
potasdum 
aneniate. 


EI 
taken. 


8eO. 
taken. 


.n 


Error. 


CID» 


cm» 


cm«. 


gnn. 


grm. 


gnoL. 


grm. 


grm. 


100 


85 


20 


2 


1.8277 


0.1280 


0.1276 


0.000&- 


100 


86 


20 


2 


1.0429 


0.0098 


0.0994 


0.0004- 


100 


86 


20 


2 


1.0887 


0.1024 


0.1028 


0.0004-H 


100 


86 


20 


2 


1.0405 


0.10«6 


0.1028 


0.0008- 


100 


86 


20 


2 


1.0721 


0.1030 


0.1029 


0.0001- 


100 


86 


20 


2 


0.9968 


0.1273 


0.1272 


0.0001- 


126 


86 


20 


2 


2.0828 


0.1997 


0.2000 


0.0003+ 


125 


86 


20 


2 


2.2272 


0.2110 


0.2113 


0.0008+ 


126 


86 


20 


2 


2.1686 


0.2067 


0.2069 


0.0002+ 


160 


40 


20 


2 


2.6664 


0.2660 


0.2649 


o.oon- 


176 


86 


20 


2 


8.2428 


0.8110 


0.8118 


0.0008+ 


176 


86 


20 


2 


8.2428 


0.8086 


0.8068 


0.0002- 
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Obviously the reduction of selenious acid by this method is 
regular and accurate. 

When similar treatment was applied to selenic acid it 
became apparent that the arsenic acid attacked and destroyed 
the iodide before the selenic acid had been completely reduced. 
It is plain, therefore, that the selenic acid must be reduced to 
the condition of selenious acid before its estimation by the 
iodide method can be attempted. Ordinarily the simplest 
mode of reducing selenic acid is by boiling it in solution with 
hydrochloric acid of definite strength,* but in this case the 
presence of hydrochloric acid is precluded on account of the 
consequent volatilization of arsenious chloride during the 
process of concentration in the subsequent treatment with 
the iodide. It has been shown, however, in a recent paper 
from this laboratory! that selenic acid is easily and com- 
pletely reduced to selenious acid by potassium bromide and 
sulphuric acid under defined conditions. Moreover, arsenious 
bromide is not volatilized appreciably under the conditions. 
We made the attempt, therefore, to effect the iodometric deter- 
mination of selenic acid by first reducing it to selenious acid 
by the bromide process and then treating the residue with 
arsenic acid and potassiimi iodide in the manner described. 

Selenic acid was prepared in standard solution by treating 
a known weight of pure resublimed seleniimi dioxide by a 
strong solution of potassium permanganate, in presence of a 
moderate amount of sulphuric acid, until the purple color 
was distinctly visible, dissolving the precipitated oxide of 
manganese by oxalic acid, again adding permanganate until 
the final color of faintly visible pink was permanent for a half- 
hour or more, and diluting to a fixed volume. Portions of 
the solution of selenic acid were measured into counterpoised 
Erlenmeyer flasks of 300 cm^ capacity and weighed, 1 grm. of 
potassium bromide was added, and sulphuric acid in such 
quantity that the total amount of the free acid should 
correspond to 20 cm^ of the acid of half-strength. The 

« Gooch and Eyans, Am. Jonr. ScL, 1, 400. This yoluine, p. 331. 
t Gooch and ScoyiUe, Am. Jour. Sci., 1, 402. This yolume, p. 835. 
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solution possessing a volume of 60 cm' to 100 cm' was boiled 
until the clear, colorless solution left when the bromide 
vanished began to color again. Experience showed that the 
reappearance of the brownish color is very easily seen and 
that it is not safe to conclude that all free bromine has been 
eliminated, under the conditions of dilution and proportion, 
until this stage of concentration — which corresponds to a 
volume of about 35 cm' — has been reached; but the distil- 
lation should not be pushed beyond the point at which 
the returning color is noted. When this condition was 
reached the solution was cooled, and treated exactly in the 
manner described for the reduction of selenious acid. The 
neutralization by acid potassium carbonate, after the final 
boiling, generally occasioned the precipitation of manganous 
carbonate, but the precipitate did not interfere in the slightest 
with the titration which followed. 

The following table comprises the determinations which 
were made to test the accuracy of the iodometric determination 
of selenic acid by the combined processes of reduction. 



SeO, taken 

••ri^o*. 


Kluaed 
in second 


found. 


Error. 


grin. 


grm. 


gnn* 


grm. 


0.0378 


0.6306 


0.0880 


0.0002+ 


0.a378 


0.6643 


0.0874 


0.0004- 


0.0616 


0.7186 


0.0617 


0.0001+ 


0.0503 


0.7302 


0.0608 


0.0005+ 


0.0641 


0.0671 


0.0644 


0.0008+ 


0.1007 


1.8277 


0.1011 


0.0004+ 


0.1008 


1.8277 


0.1011 


0.0003+ 


0.1007 


1.2082 


0.1005 


0.0002- 


0.1007 


1.1084 


0.1016 


O.OOOaf 


0.1007 


1.0622 


0.0999 


0.0008- 


0.1009 


l.?679 


01006 


0.0004- 


O.ioai 


1.1119 


0.1032 


0.0001+ 


0.1870 


1.8720 


0.1879 


0.0009+ 


0.2014 


1.9Q16 


0.2020 


0.0006+ 


0.2016 


2.0746 


0.2025 


0.0009+ 


Oi2069 


1.8687 


0.2064 


0.0005+ 



It is plain, therefore, that selenic acid may be determined 
iodometrically with accuracy by first reducing it to the 
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condition of selenious acid by treatment with potassium 
bromide in presence of sulphuric acid, in the manner de- 
scribed, and then completing the reduction to the elementary 
condition by the treatment with potassium iodide and 
potassium arseniate. 



XLIX 

ON THE INTERACTION OF CHROMIC AND 
ARSENIOUS ACIDS. 

Bt PHILIP E. BROWNING.* 

Eessleb t has shown that arsenious acid may be deteimined 
by treating it, in the presence of hydrochloric acid, with an 
excess of a chromate solution of known strength, by which 
treatment the arsenious acid is oxidized and the chromic acid 
reduced. The excess of the chromic acid is then determined 
by the addition of a ferrous salt of known strength until a drop 
taken from the solution gives a blue color with a ferricyanide. 
Chromic acid is then added again until the blue color disap- 
pears. The amount of the chromate originally used less 
the excess determined by the ferrous salt gives the amount 
of the chromate used for the oxidation, from which may be 
calculated the amount of arsenious acid originally present. 
Despite the use of a ferrous salt and the numerous steps 
involved in the manipulation, Kessler claims very satisfactory 
results for his method. The object of this paper is to give 
the results of some experiments in which Kessler*s reaction 
was used for the reverse process, the arsenious acid being used 
in excess, according to tlie reaction : 

4Cr03 + SASjOs + (^)As,08 = 2Cr30s + SAsjO, + (X)As,Og 

For the work, a solution of potassium dichromate was made, 
the standard of which was determined by evaporating definite 
portions measured from a burette into previously weighed 
and counterpoised crucibles, heating just to the melting 
point, and weighing after cooling. A decinormal solution of 
arsenious acid was made in the usual manner, as was also a 

* From Am. Jour. Sci., i, 36. t Ann. PI178. clxxi, 204 (1866). 
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decinormal iodine solution which was standardized frequently 
in course of the work against the arsenious acid. The method 
of manipulation was as follows: Definite portions of the 
chromate solution were measured from a burette into counter- 
poised flasks and weighed, as a check on the burette reading, 
about 10 cm^ of dilute hydrochloric or sulphuric acid (1-4) 
added, and a carefully measured amount of the arsenious 
acid solution — care being taken to have an excess of the 
amount necessary for the reaction. After a few moments 
the reduction seemed complete, the solution having taken on 
the bluish green color characteristic of the chromium salts. 
The application of heat was found to be unnecessary, the 
reaction going on quickly and completely, as it seemed, in 
the cold. The solution was then treated with acid potassium 
or sodium carbonate (about 5 grm.) in excess. At this 
point a precipitate formed unless Rochelle salts had been 
added, as was sometimes the case, to prevent it. To the 
alkaline solution iodine was added imtil a yellow tinge 
showed it to be in excess, and the solution was allowed to 
stand, with frequent shaking, about one-half hour, at the 
end of which time the excess of the arsenious acid was 
thoroughly acted upon. In order to test the permanency of 
the iodine color in alkaline solution, two experiments were 
made, in the first of which 6 grm. of acid sodium carbonate 
were dissolved in about 100 cm' of water, and in the second 
the amount of acid generally used (10 cm') was neutralized 
with the acid carbonate and an excess added, the amount of 
water present being about the same as in the first experiment. 
Starch and a drop of iodine solution were then added. No 
bleaching effect was apparent during two hours. Several 
experiments, made without allowing the solution to stand, 
with the excess of iodine seemed to show that the excess of 
the arsenious acid had not been completely oxidized by the 
iodine. As this took place mainly in those experiments in 
which the precipitate had not been held up by Rochelle salts, 
I am inclined to attribute it to the holding of the arsenious 
acid by the precipitate. After this point in the process had 
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been reached, the excess of iodine was destroyed by the 
addition of arsenious acid, starch was added and the blue 
color obtained with iodine. Knowing the amount of arsenious 
acid originally added together with the second amount, used 
to bleach the excess of iodine, also the total amount of iodine 
employed and its value in terms of arsenious acid, we are in 
position to determine the amount of arsenious acid used for 
the reduction ; and, by referring to the reaction given above 
we can calculate the amount of chromic acid originally present. 
The use of Rochelle salts had a disadvantage, however, which 
should be mentioned. If the precipitate is held up, the 
solution takes on a dark green color which makes the starch 
iodide reaction difficult to detect. The presence of the 
precipitate, except for the apparent holding of some arsenious 
acid — a source of error which seems to be largely obviated 
by the standing with the excess of iodine — causes no 
inconvenience, being itself of a very light green color and 
leaving the solution almost colorless. I have tried filtering 
with no gain in convenience, since the precipitate is of a 
gelatinous character and filters very slowly, so that the 
filtration and thorough washing lengthen the process very 
materially. 

The results follow in the table : 



Exp. 


CrO, taken. 


CrOs found. 


Error. 


Bemttka. 




giiu* 


giiu. 


grm. 




{ 


1) 


0.1001 


0.1004 


0.0003+ 




1 


2 


0.1005 


0.1004 


O.OUOI- 


The iodine acted 20 minntes. 


1 


3 


0.1006 


0.1007 


0.0001+ 


i< « <« 


1 


^) 


0.1004 


0.1011 


0.0007+ 


« <s tt 


1 


^ 


0.1009 


0.1009 


0.0000 


2 houM. 


1 


n 


0.1002 


0.1003 


0.0001+ 


(( M tt 


< 


7 


0.1011 


0.1004 


0.0007- 


RocheUe salts used. 


< 


8 


0.1007 


0.1007 


0.0000 


it tt 




9 


0.0401 


0.0395 


0.0006- 




(10) 


0.0402 


0.0388 


0.0014- 


0.5 grm. ferric alum present 


VH 


0.1001 


0.1018 


0.0017+ 




(12) 


0.1009 


0.1007 


0.0002- 




13) 


0.1007 


0.1011 


0.0004+ 


1 grm. ferric alnm present 


14) 


0.1005 


0.1017 


0.0012+ 




(15) 


0.1004 


0.1010 


0.0006+ 




(16) 
17 


0.1000 


0.1032 


0.0032+ 


Rochelle salts nsed. 


0.1005 


0.1006 


0.0001+ 


1 grm. ferric alum present 
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In three of the above experiments the process was carried 
through m the presence of a ferric salt with fairly successful 
results. The presence of the brown precipitate, however, 
makes the end reaction rather difficult to determine. If, 
however, the precipitate be allowed to settle after each 
addition of iodine, the color can be detected very readily in 
the supernatant liquid. 

Among volumetric processes of great delicacy this process 
naturally does not find its place. It is, however, interesting 
to know to what degree the reaction may be depended upon 
for analytical purposes. 



A METHOD FOR THE SEPARATION OF SELENITTM 
FROM TELLURIUM, BASED UPON THE DIFFERENCE 
IN VOLATILITY OF THE BROMIDES. 

Bt F. a. GOOCH and a. W. PEIRCE.* 

It has been shown in previous articles from this laboratory f 
upon the reducibility of selenic acid by the action of the 
halogen acids, that when small amounts of selenic acid are 
boiled in aqueous solution with potassium iodide and hydro- 
chloric acid, selenium is precipitated, while the iodine set free 
simultaneously may be collected in the distillate, estimated, 
and taken as the measure of the selenic acid originally 
present; that if the iodide is omitted from the mixture, so 
that the hydrochloric acid alone shall be the reducer, the 
reduction proceeds only to the point of formation of selenious 
acid, provided the boiling is not continued after the hydro- 
chloric acid has reached the condition of halfnstrength at 
which it boils unchanged imder normal atmospheric pressure ; 
and that a solution of selenic acid, potassium bromide, and 
sulphuric acid of regulated dilution and proportions also 
yields under defined conditions selenious acid as the product 
of reduction. When, however, the ebullition of a solution 
of selenious acid in hydrochloric acid is continued after the 
acid has reached the condition of halfnstrength, traces of 
selenium appear in the receiver and connecting tubes, the 
distillate sets free iodine from potassium iodide, and it is 
evident that the selenious acid is undergoing further reduc- 
tion. So also when the boiling of the mixture of sulphuric 
acid, potassium bromide, and selenious acid is pressed beyond 

* From Am. Jour. Sci., i, 181. 

t Am. Jour. Sci., 1, 254, 400, 402. This Tolume, pp. 310, 881, 886. 
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the point at which the solution begins to be colored, selenium 
appears in traces in the tube leading to the receiver and the 
distillate liberates iodine from an iodide. Obviously the 
conditions have been at this time reached in the processes 
of concentration when selenium tetrachloride and selenium 
tetrabromide, respectively, are forming from the acid, and 
the appearance of the elementary selenium is due to par- 
tial decomposition of the halogen salts. We have observed 
more recently phenomena of a similar nature (as would 
naturally be expected under the conditions), when aqueous 
solutions of selenious acid, phosphoric acid, and sodium 
chloride are submitted to distillation : that is to say, there 
comes a time in the process of boiling such mixtures when 
the appearance of elementary selenium and the action of the 
distillate upon potassium iodide make evident the volatilization 
and partial decomposition of the selenium compounds of the 
halogens, and the further continuance of the treatment 
results in the more or less complete removal of the selenium 
compounds to the distillate. From the mixture containing 
the phosphoric acid, selenious acid, and sodium chloride we 
have been able to secure only a partial volatilization of the 
selenium chloride. The transfer of the selenium bromide, 
however, from the mixture of the acids and potassium 
bromide is rapid and complete, and this fact points out a 
possible method for the separation of selenium from sub- 
stances which do not form volatile products under similar 
conditions of treatment. Tellurium proves to be such a 
substance, and the work to be detailed has to do with a 
process for the separation of selenium from tellurium, based 
upon the volatility of selenium tetrabromide and the non- 
volatility of tellurium tetrabromide under definite conditions. 

The selenious acid which we used was made by dissolving 
in water a known weight of the white, crystalline, anhydrous 
dioxide prepared from pure selenium by oxidation with nitric 
acid, treatment in solution with barium hydroxide to remove 
selenic acid, and repeated sublimation in a current of oxygen. 
The tellurium was obtained in solution in its lower condition 
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of oxidation by dissolving in potassium hydroxide a known 
weight of tellurium dioxide (made by oxidizing presumably 
pure tellurium by nitric acid and igniting the product at a low 
red heat), neutralizing with phosphoric acid, and redissolving 
in a sufficient excess of that acid the precipitate formed in the 
process of neutralization. 

In our preliminary experiments we made use of a form of 
apparatus previously employed for similar purposes and 

described in former articles from 
the laboratory, viz. : a Voit flask, 
serving as the retort, sealed to the 
inlet tube of a Drexel wash-bottle, 
used as a receiver, the outlet tube 
of which was trapped by sealing 
on Will and Varrentrapp absorp- 
tion bulbs. Later the apparatus 
was changed to the form shown in 
Fig. 14. the accompanying figure by intro- 

ducing a second Voit flask, in 
order that the selenium might be estimated in the distillate 
more conveniently. 

Into the first Voit flask, V^, were put measured amounts 
of the solution of selenious acid with 20 cm' of syrupy 
phosphoric acid (sp. gr. 1.70), 1 grm. of potassium bromide, 
and water enough to make the entire volume of liquid 50 cm*. 
The second flask, V^, contained about 15 cm* of water, and 
was kept cool by immersion in water. The Drexel bottle and 
bulbs contained a solution of potassium iodide. A current 
of carbon dioxide was passed slowly through the apparatus 
to secure quiet ebullition and to aid in the transfer of the 
distillate to the receiver. Upon applying heat to the first 
flask, V^ the solution boiled quietly and without change imtil 
the volume of liquid had decreased to about 30 cm*, when 
traces of red selenium began to deposit in the tube joining 
the first and second flasks. When the volume had further 
diminished to about 25 cm* the liquid began to take on color, 
darkened rapidly, and evolved bromine, which at once attacked 
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the selenium previously deposited. The greater part of the 
bromine was absorbed in the second flask, V^ but a trace 
found its way to the Drexel bottle, in which it set free a slight 
amount of iodine from the iodide, as was afterward proved by 
the effect upon starch. As the operation progressed an 
orange-yellow crystalline solid, presumably selenium tetra- 
bromide for the most part, appeared in the tube where the 
selenium had been, while a dark oily liquid, consisting largely, 
no doubt, of the monobromide, condensed in drops upon the 
walls of the flask and returned to form a floating layer 
upon the hot liquid. Finally, when the volume had 
diminished to 15 cm^ the liquid had become perfectly clear 
and colorless, white fumes of hydrobromic acid were evolved, 
and the tube between the two flasks had been cleared. At 
this point the operation was stopped and the apparatus 
allowed to cool. The addition of potassium iodide to the 
contents of the first flask neither liberated iodine nor precipi- 
tated selenium, and so proved that no reducible compound 
of selenium still remained in that flask. The amount of 
selenium which had been volatilized we determined directly 
by means of a method worked out in this laboratory and to 
which reference has already been made.* We introduced 
into the second flask, V^ which now contained (beside a 
trace of selenium corresponding to the slight amount of 
bromine which had escaped to the Drexel bottle) the colorless 
selenious acid regenerated by the action of the water and free 
bromine upon the mixed bromides which had distilled, 1 grm. 
of potassium iodide and 6 cm^ of hydrochloric acid and, after 
removing the first flask, V^ and connecting the carbon dioxide 
generator with the inlet tube of V^, boiled the solution ten 
minutes while a current of carbon dioxide passed through 
this apparatus. At the end of this time the iodine set free 
by the action of the iodide had been almost completely 
removed to the Drexel bottle, leaving a nearly colorless 
solution containing particles of dense, crystalline selenium. 

* Gooch and Reynolds, Am. Jour. Sci., 1, 264. This yolume, p. 310. 
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The iodine in the receiver, including of course the smaU 
amount set free by the bromine which reached the receiver in 
the first stage of the process, together with the small amount 
remaining in the flask, was titrated with sodium thiosulphate 
and taken as the measure of the selenium dioxide acted upon 
originally. In this way we obtained the following results : 



BeO, 
take£. 


ing to iodba 
foimd. 


Brror. 


grm. 
0.0366 
0.0866 
0.1008 
0.1008 


grm. 
0.0372 
0.0877 
0.1090 
0.1101 


grm. 
0.0006+ 
0.0011+ 
0.0008- 
0.0008+ 



It is obvious from these results that the iodine finally found in 
the receiver is actually an accurate measure within reasonable 
limits of the selenium dioxide originally put into V^ and 
volatilized therefrom by the action of phosphoric acid and 
potassium bromide. 

When tellurium dioxide is subjected to similar treatment 
the phenomena are different. The solution containing the 
tellurous acid, potassium bromide, and phosphoric acid, in 
the proportions used in the experiments with selenious acid, 
colors at about the same degree of concentration at which the 
solution containing the selenious acid began to darken. As 
the concentration progresses the color deepens, ruby red 
crystals (probably hydrated tellurium tetrabromide) form, 
which accumulate upon the walls of the flask and turn 
yellow, and when the volume of the solution is diminished 
to 15 cm' a green vapor begins to distil. During the process 
no iodine is set free in the Drexel bottle, and upon stopping 
the boiling we found that the addition of potassium iodide 
to V^ liberated no iodine, even when the boiling had gone 
so far that a trace of the green vapor had condensed and 
run into the water in the flask. In view of these facts it 
seemed probable that the process of treatment which we have 
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described might be applied to the determination of selenium 
associated with tellurium. In the following experiments, 
made to test the point, tellurium dioxide was weighed out 
and dissolved in strong potassium hydroxide, the alkali was 
neutralized and the precipitate thus fonned was redissolved 
by phosphoric acid, and 20 cm* of the acid of sp. gr. 1.70 
were added in excess. To the solution were added definite 
amounts of selenium dioxide taken in a standardized solution 
and 1 grm. of potassium bromide, and the whole was intro- 
duced into the first flask, V^ with enough water to make the 
entire volume of the solution 60 cm*. The second flask, V^, 
contained 10 cm* of water, and the Drexel bottle and trap 
were charged with a solution of potassium iodide. Carbon 
dioxide was passed through, and the solution in V^ was 
boiled. The phenomena of each individual set of experi- 
ments with the selenious and tellurous acids occurred now 
together — the coloring of the liquid, the evolution of bro- 
mine, the distillation of the selenium bromides, the crystal- 
lization of the tellurium tetrabromide, the disappearance of 
the selenium compounds from the connecting tube. The 
distillation was stopped when the volume of the residue had 
diminished to 15 cm*. After cooling, the flrst flask V^ 
was removed, 1 grm. of potassium iodide and 5 cm* of hydro- 
chloric acid were added to the contents of the second flask, 
V^, the current of carbon dioxide was again started through 
the apparatus, the mixture was boiled ten minutes, and the 
iodine in the flask, receiver, and trap was determined by 
titration with sodium thiosulphate and taken as the measure 
of the selenium dioxide. In some preliminary experiments 
trouble was experienced in removing the last traces of 
the selenium bromides held back mechanically by the oily 
tellurium compound which collected upon the walls of the 
distillation flask and in the connecting tube; but the difficulty 
was satisfactorily overcome by cloaking the flask with a 
mantle of asbestos board and flaming the connecting tube 
gently toward the close of the process of distillation. The 
results obtained are gathered in the following table: 

28 
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TW), 


KBr 

taken. 


HtPO« 
(8p^.70) 


Fiiua 
Tolnme. 


8eOs 


.sa. 


■rot. 


grm. 


grm. 


cm* 


em* 


grill. 


grm. 


grm. 


0.1 




20 


16 


0.0733 


0.0785 


0.0002+ 


0.1 




20 


16 


0.0997 


0.0095 


0.0002- 


0.1 




20 


15 


0.1004 


0.1003 


0.0001- 


0.1 




20 


16 


0.0016 


0.0914 


0.0002- 


0.1 




20 


16 


0.0997 


0.0996 


0.0002- 


0.1 




20 


16 


0.1010 


0.1014 


0.0004+ 


0.1 




20 


15 


0.1015 


0.1008 


0.0007- 


0.1 




20 


15 


0.1019 


0.1022 


0.0003+ 


0.1 




20 


15 


0.1010 


0.1012 


0.0002+ 


0.1 




20 


16 


0.1002 


0.1000 


0.0002- 


0.1 




20 


16 


0.1006 


0.1004 


0.0002- ■ 


0.1 




20 


16 


0.1006 


0.1001 


0.0005- 



Obviously the error of the process, when carefully con- 
ducted and applied to the amounts of material which we 
have employed, is very smalL 



LI 

THE ACTION OF UREA AND SULPHOCARBANI- 
LIDE ON CERTAIN ACID ANHYDRIDES. 

Bt FREDERICK L. DUNLAP * 

In 1882, Piutti,* in an article on " urea and thiourea deriva- 
tives of phthalic acid," showed that phthaluric acid was the 
product of the reaction of urea on phthalic anhydride when 
equal molecules were heated to 110-120° C. At a higher 
temperature he found that the phthaluric acid decomposed 
into phthalimide with the liberation of carbon dioxide and 
ammonia. The two stages in the formation of the imide 
are shown in the following equations: 

^CO .CONHCONHj 

C,H,( >0 + NHjCONHa = CJl/ 

^CO ^COOH 

^CONHCONHj ^CO 

C,H4; =CeH/ >NH + COa + NH,. 

I have found that the reaction passes directly through both 
stages to the formation of phthalimide if the temperature of 
the mixture of phthalic anhydride and urea be raised at once 
to 150°, the imide thus obtained being nearly pure. 

Phthalimide. — Ten grams of urea (1 molecule) and 25 
grams of phthalic anhydride (1 molecule) were heated in a 
haK liter flask, in an oil-bath, until the bath showed a 
temperature of 160**. At this temperature the contents of 
the flask became entirely liquid, and ammonia and carbon 
dioxide were evolved. After heating at this temperature for 

* From Am. Chem. Jour, xriii, 382. 
t Ami. Chem. (Liebig), ccxiy, 20. 
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several minutes, the contents of the flask suddenly solidified. 
The solid contents of the flask were then treated with boUing 
water, to free the phthalimide from any unchanged urea or 
phthalic anhydride. The phthalimide thus prepared was 
perfectly white and melted without further purification at 
227*". When pure, phthalimide melts at 229° (uncorrected) 
and upon analysis gave the following results: 

0.2058 gram sabstance gave 0.4916 gram GOt and 0.0656 
gram H^O. 

Calculated for xf^.^ 

CeHaO^. '**«»^ 

C 65.31 65.12 

H 3.40 3.54 

Obviously, this method is a good one for making phthali- 
mide, as the product obtained is practically pure, and only a 
few minutes are necessary for its preparation. A 90 per cent 
yield was obtained. 

In hopes that a new and general method for the prepara- 
tion of imides could be obtained by the action of urea upon 
anhydrides, this action of urea was studied further upon 
dichlormaleic anhydride, dibrommaleic anhydride and succinic 
anhydride. 

Dichlormaleinuric Add. — When a mixture of equal mole- 
cules of urea and dichlormaleic anhydride was heated in a bath 
to 70°, the mixture began to melt. When the temperature of 
the bath was raised to 90-95° and held constant for about five 
minutes the liquid mixture of anhydride and urea solidified. 
This temperature of 90-95° was maintained for twenty 
minutes. The solid product thus obtained was washed witi 
a small quantity of cold water and then recrystallized from 
alcohol. It recrystallized from alcohol in transparent prisms 
having truncated ends, and had a melting-point of 168°. 
When this pure product — dichlormaleinuric acid — melts, it 
gives off gas and again solidifies in the melting-point tube, 
remelting at 179°, the melting-point of dichlormalemimide. 
It is very sparingly soluble in all the ordinary solvents except 
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water, in which it dissolves when heated. Nearly a 50 per 
cent yield was obtained. 

0.1917 gram substance gave 0.2416 gram AgCL 

Caloalftted for v<v„.^ 

CAOiNjCl,. '^^''"^ 

CI 31.28 31.16 

Dichlormal&inimide. — Five grams of dichlormalelc anhy- 
dride and 3 grams of urea (equal molecules) were heated in a 
flask, the temperature of the oil-bath being raised to 110-116°. 
The contents of the flask were liquid at this temperature, and 
ammonia and carbon dioxide were freely evolved. After 
heating for fifteen minutes at this temperature the contents of 
the flask were allowed to cool, and the solid product washed 
with a small quantity of cold water. One gram of dichlor- 
malelnimide remained after this washing. When pure, the 
dichlormaleinimide melted at 179°, and upon analysis gave 
the following results: 

0.2136 gram substance gave 0.3700 gram AgCl. 

Calculated for v^^^a 

C4C1,0,NH. '*>™^ 

CI 42.78 42.83 

We have here, in the formation of dichlormaleinimide from 
dichlormalelc anhydride and urea, a reaction exactly similar to 
the one in which phthalimide is formed. The first stage of 
the reaction consists first in the addition of urea to dichlor- 
malelc anhydride to produce dichlormalelnuric acid. 

CIC - CO CIC - CONHCONH, 

II >0 + NH,CONH, = II 

CIC - CO CIO - COOH. 

This dichlormalelnuric acid, upon being heated to its melting- 
point, loses anmionia and carbon dioxide with the formation 
of dichlormaleinimide, 

CIC - CONHCONH, CIC - CO 

II = II >NH + NH. + CO,. 

dC - COOH CIO - CO 
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Dibrommaletnuric Acid. — A mixture of equal molecules of 
urea and dibrommalelc anhydride were heated in an oil-bath, 
When the bath registered 90° the contents of the flask began 
to melt. The temperature was raised to 100-106**, at which 
point it was kept until the liquid contents of the flask had 
become solid again. After cooling, this solid product was 
washed with water and purified by recrystallization from 
alcohol. When pure it is perfectly white and melts at 191° 
with gas evolution. After melting, the liquid contents of the 
tube resolidified and again melted at 221°, which is 4° low for 
the melting-point of dibrommalelnimide. This low melting- 
point is explained by the fact that the dibrommalelnuric acid, 
upon melting, does not entirely break down into ammonia, 
carbon dioxide, and dibrommalelnimide, as is seen by the 
darkening of the contents of the melting-point tube. The 
presence of impurities would naturally tend to lower the 
melting-point of the dibrommalelnimide. Nearly a 60 per 
cent yield of dibrommalelnuric acid was obtained. It crystal- 
lized in bunches of small prisms having doubly truncated ends. 

0.2117 gram substance gave 0.2512 gram AgBr. 

Calculated for v^^a 

C,H4Br,N,04. '^^^^"^ 

Br 50.63 60.51 

I found this acid to be readily soluble in acetone ; tolerably 
soluble in chloroform and ether ; insoluble in ligroln, benzol, 
carbon bisulphide and water. 

Dibrommalelnuric acid corresponds exactly to dichlorma- 
lelnuric acid, being formed by the addition of urea and 
dibrommalelc anhydride. 

BrC - CO BrC - CONHCONH, 

II >0 + NH,CONH,= II 

BrC - CO BrC - COOH 

Dibrommalelnimide. — When equal molecules of dibrommar 
leic anhydride and urea were heated up gradually to 135°, the 
mass turned very dark in color, and ammonia and carbon dioxide 
were evolved. After the evoluti^^i rxi Qjas had ceased, the then 
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solid contents of the flask were extracted with hot alcohol, 
filtered from the insoluble portion, treated with bone-black, and 
then evaporated to small bulk, and the dibrommalelnimide 
allowed to crystallize out. It was further purified by crystal- 
lization from alcohol. No analysis of this dibrommalelnimide 
was made, because its crystalline form, melting-point and 
method of formation were definite enough for identification. 
A twenty-four per cent yield was obtained. 

The formation of dibrommalelnimide from dibrommaleic 
anhydride and urea is exactly similar to the formation of 
dichlormalelnimide when urea and dichlormalelc anhydride are 
used, therefore no new equations are necessary to represent 
this imide formation. 

Succinimide. — Ten grams of succinic anhydride and 6 grams 
of urea were heated in a distilling-flask. As the temperature 
rose the contents of the flask melted and, finally, began to 
darken, ammonia and carbon dioxide being freely evolved. 
As the temperature was raised a slightly yellowish distillate, 
boiling above 280°, was obtained. This distillate immediately 
solidified and was further purified by recrystallization from 
anhydrous acetone. It had a melting-point of 124° and was 
perfectly white. A 40 per cent yield of succinimide was 
obtained. Upon analysis it gave the following result : 

0.2099 gram substance gave 0.3751 gram CO, and 0.1019 
gram HjO. 

Calculated for v/««n<i 

C 48.49 48.73 

H 5.06 5.39 



Pike, who first made succinuric acid * states that it melts 
with complete decomposition. In hopes of finding succinimide 
as one of these products of decomposition, succinic acid was 
prepared according to Pike's method, and upon purification 
was found to have a melting-point of 211-211.5°, and not 
203-205°, as Pike gives it. When pure succinuric acid was 
subjected to distillation it acted as did the mixture of succinic 

* Ber. Dt8ch. chem. Ges., yi, 1104 
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anhydride and urea. The succinuric acid melted with the 
evolution of ammonia and carbon dioxide, and turned quite 
dark. A distillate, boiling above 280°, was obtained, which 
was easily identified as succinimide. 

Having obtained succinimide from succinuric acid, this 
shows us how the succinimide is formed by the action of uiea 
upon succinic anhydride. When this mixture is heated 
succinuric acid is first formed. This breaks down at a higher 
temperature with succinimide, carbon dioxide, and ammonia as 
its products. The formation of succinimide is represented by 
the following equations : 

CH, - CO CH, - CONHCONH, 

I >0 + NHjCONH, = I 

CH, - CO CH, - COOH 

CH, - CONHCONH, CH, - CO 
CH, - COOH CHa - CO 

Action of Sulphocarhanilide on Phthalic Anhydride. 

The action of a substituted urea, sulphocarhanilide, on 
phthalic anhydride was next studied. It was hoped that a 
diphenylthiophthaluric acid might be obtained in this way, 
and the evidence goes to show that it was formed, but that 
decomposition ensued immediately at the temperature of the 
reaction. I found as product of the reaction at 125-180°, 
phthalanilic acid and phenyl mustard oil. The formation of 
the phthalanilic acid can best be explained by the following 
equations : 

/CO 
C;Q./ >0 + NHCeH,CSNHCeH, = 

^CO /CONCeH,CSNHC.H. 

CeH4. 

^COOH 



C,H,^ 



/CONCeHjCSNHCeH. 



COOH .CONHCeH, 

CeH^; + SCNC.H.. 

^COOH 
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At 170-175° phthalanil, carbonic oxysulphide, and aniline 
are the products. 

Phthalanilie Acid. — Five grams of phthalic anhydride and 
7.7 grams of sulphocarbanilide, equal molecules, were heated 
in an oil-bath until the bath showed a temperature of 125- 
130°. The contents of the flask liquefied, and, after a few 
minutes' heating, began to solidify. The heating was carried 
on at 125-130° for twenty minutes more. During this heat- 
ing a very small amount of carbonic oxysulphide was evolved. 

The soUd product was then washed with a small amount of 
cold alcohol and the product thus obtained purified by 
recrystallization from alcohol. The pure product melted at 
169-169.5°, and then gave off gas, resolidifying in the melt- 
ing-point tube, and remelting at 204°, the melting-point of 
phthalanil. The first alcoholic washings contained quantities 
of phenyl mustard oil, which was identified by its boiling- 
point and other properties. After the first treatment with 
alcohol the product was perfectly white and nearly pure. A 
60 per cent yield was obtained. The phthalanilie acid so 
prepared crystallized from alcohol in small prisms, and upon 
analysis gave the following results : 

0.2090 gram substance gave 0.5366 gram CO3 and 0.0865 

ram H-O. 

OaloulAted for v<.„„^ 

C 69.71 70.03 

H 4.66 460 



gram HjO. 



Phthalanilie acid is insoluble in benzol and chloroform; 
very sparingly soluble in acetone; insoluble in ligroln and 
ether ; practically insoluble in cold water, but slightly soluble 
in boiling water, from which it separates upon cooling. 

Phthalanil. — Five grams of phthalic anhydride and 7.7 
grams of sulphocarbanilide were heated upon an oil-bath to 
170-175°. This mixture at first melted, resolidified and re- 
melted with the evolution of carbonic oxysulphide. After 
heating at 170-175° for ten or fifteen minutes the gas evolu- 
tion had practically ceased. Aftec cooling, the product was 
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washed with cold alcohol and practically pure phthalanil was 
obtained. The yield was 93 per cent. 

Phthalanil crystallizes from alcohol in long slender prisms 
and melts at 204°. Laurent and Gerhardt * give its melting- 
point at 203°, and Debner as 205°.t 

The first alcoholic washings contain aniline in consideiable 
amoimt. Upon analysis, phthalanil gave the following 
results : 

0.2464 gram substance gave 0.6790 gram COa and 0.0962 
gram KaO. 

GalCUlAted for Vr.nryA 

Cj4HgO^. '*»°°^ 

C 75.34 75.16 

H 4.04 429 

Phthalanil is formed in two ways in this reaction, one of 
which doubtless depends upon the formation of an unstable 
diphenylthiophthaluric acid, which breaks down at the tem- 
perature of the reaction, as foUows: 

/CONCeHjCSNHCeH, 
CeH4. = 

^COOH ^CO 

CeH^C >NCeH, + COS + CeHjNHt. 

The second reaction in which phthalanil is formed depends 
upon the production of phthalanilic acid by the action of the 
phthalic anhydride on sulphocarbanilide. The phthalanilic 
acid so formed breaks down, upon heating, into phthalanil 
and water. 

^CONHCeH, ^CO 

CeH4( =CeH4( >NCeH, + H^O. 

^COOH ^CO 

The phthalanil seems to be formed mostiy according to 
the equation in which carbonic oxysulphide and aniline are 
by-products. 

Laurent and Gerhardt :j: first obtained phthalanilic acid by 

• Jsb., 1847-48, 606. t Ann. Chem. (Liebig), ccx, 267. 

X Jsb., 1847-48, 605. 
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the action of ammonia on phthalanil. They give its melting- 
point at 192°, at which temperature phthalanil is formed. 
Zincke and Cooksey * obtained phthalanilic acid by the action 
of alkalies on phthalanil. They found its melting-point to be 
158°, at which temperature the phthalanilic acid decomposed 
with the formation of phthalanil. 

Recently, F. Thorp f obtained phthalanilic acid by the action 
of hydroxylamine upon orthobenzoylbenzoic acid. Thorp also 
gives its melting-point as 191-193°, at which temperature he 
too finds that phthalanilic acid is converted into phthalanil. 
Phthalanilic acid made by the interaction of phthalic anhy- 
dride and sulphocarbanilide, has, according to my observation, 
a melting-point of 169-169.5°, at which temperature water 
vapor is given off, the contents of the melting-point tube 
resolidifying and remelting at 204°, the melting-point of 
phthalanil. 

I have repeated the work of Laurent and Gerhardt, and 
the melting-point of phthalanilic acid, prepared according to 
this method, I find not to De 192° but 169-169.5°. Phthala- 
nilic acid was also prepared according to Anschiitz's % method, 
by dissolving molecular quantities of aniline and phthalic 
anhydride in dry chloroform and allowing the mixture to 
stand, phthalanilic acid separating in a short time from this 
solution. Prepared according to this method, I find that 
phthalanilic acid has the melting-point 169-169.6°. 

Action of Sulphocarbanilide an Succinic Anhydride. 

Succinanil. — Five grams of succinic anhydride and 11.4 

grams of sulphocarbanilide (equal molecules) were heated 

in an oil-bath imtil the bath registered a temperature of 

150-155°. The contents of the flask liquefied, and a regular 

evolution of carbonic oxysulphide took place. After heating 

at this temperature for 30 to 36 minutes, the contents of the 

flask had become practically solid. This solid product was 

then washed with cold alcohol to free it from the aniline 

* Ann. Chem. (Liebig), cclv, 876. t Ber. Dtsch. chem. Ges., xxyi, 1262. 
X Ber. Dtsch. chem. Ges., zz, 20, 3214. 
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which was foimed as a by-product. It was then heated with 
boiling alcohol, and the difficultly soluble portion filtered off. 
Upon cooling, succinanil separated from the filtrate. A yield 
of 90 per cent of succinanil was obtained. The difficultly 
soluble portion had a melting-point of 226®. When pure, 
the succinanil melted at 150**, which agrees with the 
melting-point obtained by Hiibner. * Upon analysis it gave 
the following results: 

0.2043 gram substance gave 0.6156 gram GOt and 0.1031 
gram H^O. 



Calculated for 
CioH„OaN. 



Found. 



C 68.68 68.84 

H 6.14 6.60 

When succinic anhydride and sulphocarbamlide react at 
180-135'^, succinanil and the compound melting at 226® are 
formed, phenyl mustard oil being formed at the same time. 
At this temperature, the yield of succinanil was smalL H, 
however, the reaction is carried on at 160-155°, succinanil, 
carbonic oxysulphide, and aniline are practically the sole 
products. The formation of succinanil at this temperature is 
doubtless parallel to the formation of phthalanil from phthalic 
anhydride and sulphocarbanilide. The formation of succin- 
anil may be explained by the following equations: 

CHL-CO 

I >0 -I- NHCHjCSNHCeHj = 

CH, - CO ^^^ _ CONCeHjCSNHCH, 

I 
CH, - COOH 

CHa - CONC.H5CSNHC.H5 CH, - CO 
I == I >NC.H5 + C0S + 

CH^COOH CH, - CO 

C.H5NH,. 

Succinanilic acid has not as yet been isolated, and I have 
been as yet unable to identify the compound melting at 226**. 

I shall study further the action of urea, sulphourea, sulpho- 
carbanilide, and other substituted ureas upon acid anhydrides. 

* Ann. Chem. (Liebig), cciz, 873. 
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THE GRAVIMETRIC DETERMINATION OF 
SELENIUM. 

By a. W. PEIRCE.* 

The method generally in use for the gravimetric determina- 
tion of selenions acid is to precipitate the selenium with sul- 
phurous acid in presence of hydrochloric acid and to weigh 
the elementary selenium. Precipitation by this method, 
however, is slow and incomplete in many cases, so that it is 
always necessary to treat the filtrate a second time with 
sulphurous acid and to digest for some time. To obviate 
the necessary delay in this process, I have tried the effect 
of substituting potassium iodide as the reducer instead of 
the sulphurous acid, adopting the idea from several recent 
volumetric methods for the determination of selenium f in 
which an iodide in acid solution is used to reduce the sele- 
nions acid, and in which the liberated iodine, caught in 
various ways, is titrated and taken as a measure of the 
selenium. 

Varying amounts of selenium dioxide prepared according to 
the method described in former articles, by dissolving pure 
selenium in nitric acid, removing any selenic acid formed by 
barium hydroxide, and subliming in a current of dry oxy- 
gen, were dissolved in Erlenmeyer flasks, and the solution 
was acidified with hydrochloric acid. Potassium iodide was 
added and the selenium was precipitated in the form of a 
red powder. Boiling for ten minutes served to remove most 

* From Am. Jour. Sci., i, 416. 

t Muthman and Schaefer, Ber. Dtsch. chem. Ges., zrri, 1006 ; Gooch and 
Reynolds, Am. Jour. Sci., 1, 254; Gooch and Pdrce, Am. Jour. Sci, fourth 
series, i, 31. This volume, pp. 388, 848. 
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of the liberated iodine and to change the selenium into the 
black modification, which was collected upon an asbestos felt, 
washed, dried at 100° to a constant weight and weighed. 
Early experiments showed that for small amounts the process 
gave accurate results, but that for large amounts the errors 
came far too high: 



Exp. 


Betaken. 


Be found. 


KL 


Volume. 


Error. 




grill. 


grin. 


grm. 


cm» 


grm. 


(1) 


0.0355 


0.a356 




100 


0.0001+ 


(2) 
4) 


0.0355 


0.0355 




100 


0.0000 


0.0355 


0.a356 




100 


0.0001+ 


0.2968 


0.3883 




75 


0.091&f 


(6) 


0.2038 


0.2475 




100 


0.0442+ 


(tt) 


0.8058 


0.3495 


10 


100 


0.0487+ 



When the selenium amounted to less than a tenth of a 
gram the results came out well. When the amount was 
larger the selenium assumed on boiling a pasty molten con- 
dition which made filtering and washing impossible. This 
condition was observed in the work already referred to, and 
the mass seemed to consist of selenium with included iodine, 
as it gave up iodine slowly to water on standing and more 
rapidly to a solution of potassium iodide. 

It lias been foimd in the work to be described that if an 
excess of potassium iodide be used considerably above the 
amount necessary for precipitation, the pasty condition of 
the selenium does not occur, the iodine evidently being held 
in solution by the excess of the potassium iodide. This 
would seem to indicate the total release of the iodine, and 
would make possible the determination of quantities larger 
than the two-tenths of a gram set in the former work as a 
limit for the range of the process. Several determinations, 
which resulted very satisfactorily, were made according to 
the volumetric method thus modified, and at the same time 
the selenium which was precipitated was weighed. By the 
former method, in which the iodine evolved was estimated, 
the results were too low, and by the latter method, in which 
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the residue was weighed, too high ; but there appeared to be 
no definite relation between the errors of the two processes, 
as there would be if the retention of iodine were the only 
difficulty. Digestion of the selenium in the crucible with 
hot water removed a small amount of potassium iodide and 
reduced the error considerably ; so that it was apparent that 
the increase in weight was due to the fact that tiie precipi- 
tated selenium included potassium iodide from the concen- 
trated solution. 



Bxp. 


8eO, 
taken. 


founi 


KI. 


Volume. 


Error. 


8e taken 
M8eO|. 


Sefoond. 




(7) 
(8) 
(9) 


grm. 
0.4870 
0.4980 
0.7323 


grm. 
0.4868 
0.4971 
0.7310 


grm. 
7 

10 
10 


cms 
60 
60 
76 


grm. 
0.0002- 
0.0009- 
0.0013- 


grm. 
0.8467 
0.3646 
0.6214 


grm. 

0.3607 
0.3676 
0.6812 


grm. 
0.0040+ 
0.0080-1- 
0.0098+ 



Later experiments under similar conditions, excepting that 
the volume of the liquid in which the precipitation took 
place was very much increased, so that the tendency on the 
part of the selenium to include the iodide might be dimin- 
ished, gave errors entirely within satisfactory limits though 
always positive. 



Exp. 


Betaken 
aBSeO^ 


Sefoond. 


KL 


Volume. 


Error. 




grm. 


grm. 


grm. 


cms 


grm. 


(10) 


0.2868 


0.2861 


7 


900 


o.oooa+ 


(11) 


0.3189 


0.3192 


8 


400 


0.0003+ 


(12) 


0.3318 


0.3824 


7 


600 


0.0006+ 


(13) 


0.3798 


0.3806 


7 


600 


0.0007+ 


(14) 


0.4262 


0.4269 


7 


860 


0.0007+ 


(16 


0.4430 


0.4434 


10 


460 


0.0004+ 



It is sufficient to dilute to 400 cm^ before acidifying with 
hydrochloric acid and adding potassium iodide to an amount 
about three grams in excess of that actually required. Boil- 
ing for 10 to 20 minutes will change the selenium to the 
black modification and remove most of the iodine. The 
process of precipitation and filtering can be completed in 
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half an hour. The selenium is dried at 100** to a constant 
weight. 

When the selenium occurs in the higher form of oxidation 
the reduction follows the same course, though iodine is not 
liberated until the solution is quite warm; but at the end 
of the usual time of boiling the action is complete. The 
following shows the results obtained by acting in the manner 
described on selenic acid. 



BeOsteken. 


Beteken. 


Be found. 


KL 


Yolnme. 


■rot. 


gnn. 
0.1709 
0.1709 
0.3281 
0.6006 


0.1003 
0.1063 
0.2010 
0.8116 


gnn. 
0.1066 
0.1062 
0.2017 
0.3126 


gnn. 
5 
5 
5 
6 


600 
375 
850 
500 


gm. 
0.0002+ 
0.0001- 
0.0007+ 
0.0011+ 



Evidently this method will not distinguish between sele- 
nious and selenic acids, but it will be found of much value in 
point of time saved in the determination of either separately, 
or of the total selenium in case both occur together. 
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taken to feed the air, which took the place in the bottle of 
the hydroxide removed, through potash bulbs to prevent the 
introduction of atmospheric carbon dioxide. The solution 
of barium hydroxide was standardized by drawing 80 — 90 
cm^ of decinormal iodine into a glass flask, provided with a 
ground-glass stopper carrying an inlet tube reaching nearly 
to the bottom of the flask and an outlet tube to which was 
sealed a Will and Vanentrapp absorption apparatus, and 
then introducing an appropriate amoimt of the barium hy- 
droxide solution either from a burette or from a stoppered 
fimnel which was weighed before and after. An ether wash 
bottle answers admirably for a standardizing flask, and with 
the glass stopper and its attachments, replaced by a rubber 
stopper, answers the purpose of the absorption flask described 
later. The glass stopper is introduced, the inlet being closed 
by a rubber cap, and the absoiption apparatus is charged with 
a solution of potassium iodide, to hinder the escape of iodine. 
The solution was brought to a boil, then cooled and the excess 
of iodine determined by decinormal arsenious acid. It is 
assumed that the iodine lost acted on barium hydroxide 
according to the equation 

6BaOaH, + 6Ia = Ba(IOs)a + 6BaT, + 6H,0 

It was found necessary to boil the solution because of the 
formation of traces of the hypoiodite, which is broken up into 
iodide and iodate only by boiling, but which, if left un- 
changed, acts subsequently on the arsenious acid used in 
titrating the free iodine. 

The apparatus which I have found most convenient for 
evolving the carbon dioxide from the carbonate consisted of a 
wide-mouthed flask of about 75 cm^ capacity, furnished with 
a doubly perforated stopper carrying a separating funnel for 
the introduction of acid into the flask, and a tube of 0.7 cm. 
internal diameter, which is expanded to a small bulb just 
above the stopper, to carry off the gas. This exit tube was 
joined by a rubber connector to a tube which passed through 
the rubber stopper, closing the absorption flask (the etiher 
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wash bottle used in standardizing the barium hydroxide solu- 
tion described above), and which ended in a valve preferably 
of the Kreider pattern.* This valve was inclosed in a larger 
tube reaching nearly to the bottom of the absorption flask. 
Through a second hole in the stopper of the absorption flask 
passed a glass tube closed by a rubber connector and screw 
pinch cock. 

In making a determination of carbon dioxide, the carbonate 
was introduced in weighed portions into the boiling flask. 
Barium hydroxide solution, in amount from 7 — 10 cm* more 
than actually necessary to precipitate the carbon dioxide, was 
drawn into the absorption flask, which was then connected 
with the boiling flask as described above. The stop-cock of 
the separating funnel was shut off and the flasks evacuated 
by connecting the exit tube of the absorption flask with a 
filter flask previously pumped out by the water pump, a mer- 
cury manometer registering the pressure. Exhaustion to a 
pressure of from 250-300 mm. was found sufficient and easily 
attainable with the available water pressure in a minute's time. 
Sufficient phosphoric acid (chosen as a non-volatile acid) to 
dissolve the carbonate was introduced into the stoppered fun- 
nel with about 50 cm^ of water, which had been previously 
purified from carbon dioxide by boiling until one-third had been 
driven off in steam, and kept in full, stoppered flasks until 
used. The acid was then allowed to enter the boiling flask 
and the carbon dioxide driven over completely to the absorp- 
tion flask by boiling for five minutes — the latter being shaken 
frequently during the passage of the gas into it and kept cool 
by standing in a dish of water. The atmospheric pressure 
was then restored by admitting purified air through the funnel 
of the boiling flask. In the experiments of Table I, the inlet 
tube of the absorption flask was closed by a rubber cap after 
disconnection, the exit tube was attached to potash bulbs and 
the flask was cooled in a stream of water. The exit tube was 
removed, a capillary tube long enough to reach below the 
surface of the liquid introduced and decinormal iodine run 

* Log. cit 
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in until the large excess of barium hydroxide had been de- 
stroyed. Then the glass stopper of the absorption flask was 
introduced, with a rubber cap on the inlet tube and potassium 
iodide solution in the trap, as in standardizing, and the emul- 
sion brought to a boil. Iodine was again run into the hot 
solution tiirough the inlet tube until the color remained dis- 
tinctly red after a second boiling. After cooling, the excess 
of iodine was determined by standard arsenious acid. 

TABLE L 



Kxp. 


CaCO, 


BaO,H, 


BaO,H, 


fooiid. 


Error 


BrxOT 


taken. 


taken. 


found. 


onCOa 


OorzMted. 




grm- 


gnn. 


grm- 


gnn. 


gnn. 


gnn. 


(1) 


0.0501 


0.2484 


0.1604 


0.0227 


0.0006+ 


0.0007+ 


(2) 


0.0600 


0.2381 


0.1608 


0.0224 


0.0004+ 


0.000^ 


(8) 
4) 


0.1022 


0.3416 


0.1675 


0.0447 


0.0008- 


0.0001- 


0.1026 


0.3106 


0.1361 


0.0460 


0.0001- 


0.0000 


(5) 


0.2032 


0.6181 


0.2692 


0.0896 


0.0002+ 


0.0004+ 


(6) 


0.2049 


0.5761 


0i»28 


0.0908 


0.0006+ 


0.000&+ 


(7) 
(8) 


0.6088 


1.1801 


0.2606 


0.2232 


0.0007- 


aoooo 


0.6015 


1.0804 


0.2246 


0.2197 


0.0010- 


0.0008- 


1.0032 


2.0126 


0.3004 


0.4894 


0.0020- 


0.0006- 


(10) 


1.0064 


2.0702 


0.3638 


0.4406 


0.0028- 


COOOfr- 



In experiments 7, 8 and 9, the barium hydroxide solution 
was estimated by weight — in the others by volume. The 
calcium carbonate used was Iceland spar in the form of chips, 
but, though it was the best material available and considerably 
better than the best commercial calcium carbonate at hand, 
the test of drying below red heat and the igniting to the 
condition of caustic lime with a blow-pipe, proved it to be 
slightly deficient in carbon dioxide. The observed correction 
of .0014 gnn. for each gram of the carbonate is appUed in the 
last column of the table. 

The low results of the larger amounts of carbon dioxide, 
in contrast to the higher results of the smaller amounts, point 
to some action of the iodine upon the precipitated carbonate. 
It would be natural to suppose that such action would be 
greater upon the carbonate precipitated from a cold solution, 
and this proved to be the case. For when barium carbonate. 
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precipitated under the conditions of the analysis described, 
was treated with 10 cm' of iodine and boiled again, a loss 
of 0.0044 grm. of iodine (corresponding to 0.0008 grm. of 
dioxide) was found ; but when barium carbonate was prepared 
by passing carbon dioxide through a cold solution of barium 
hydroxide until the presence of the acid carbonate was proved 
in solution by filtering a portion and boiling — thus insuring 
the complete destruction of the hydroxide — the precipitated 
carbonate, after filtering and washing, was acted upon by 
10 em^ of iodine solution to such an extent that 0.0263 grm. 
of iodine (corresponding to 0.0044 grm. of carbon dioxide) 
disappeared. The obvious inference is, therefore, that the 
carbonate should be boiled before the addition of iodine in 
the process. 

TABLE n. 



Exp. 


CaCO, 
taken. 


BaOA 
taken. 


BaOA 
found. 


found. 


Error 
on CO, 


Correoted 
Error. 


(2) 
(3) 
(4) 


gnn. 
0.6023 
0.5066 
1.0011 
1.0030 


grm- 
1.1386 
1.1414 
2.0712 
1.8788 


gnn. 
0.2861 
0.2801 
0.8704 
0.1736 


grm. 
0.2190 
0.2211 
0.4367 
0.4376 


gnn. 
0.0020- 
0.0014- 
0.0038- 
0.0037- 


gnn. 
0.0000 
0.0006+ 
0.0002-h 
0.00084- 



The experiments of Table II were made like those of Table 
I, excepting in the following points : first, an ordinary flask 
of about 300 cm^ capacity, which fitted with a rubber stopper, 
was substituted for the more expensive ground stoppered 
absorption flask; secondly, the precipitated carbonate was 
boiled before adding any iodine ; and thirdly, after iodine was 
added to a yeUow color and boiled, a second amount of iodine 
was run in to a red color, but the mixture was not boiled 
again. By this treatment the iodine is kept from acting on 
the precipitated carbonate, at least to such an extent that 
the action is not appreciable, and from attacking the rubber 
stopper used ; incidentally, it is kept from entering the trap, 
but one is used, nevertheless, to prevent contamination from 
the outside air. A separating funnel, reaching below the 
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surface of the liquid, was found a convenient means of intro- 
ducing the iodine without loss into the hot solution. A 
higher vacuum is required when the smaller flask is used, 
especially when large amounts of carbon dioxide are to be 
determined. A pressure of 200 mm. of mercury was found to 
be sufficiently low, and in no case did a flask of ordinaiy 
thickness and of 800 cm^ capacity collapse at that degree of 
exhaustion. 

The calcium carbonate used in this test of the smaller 
apparatus was the purest commercial article available; the 
error applied as a correction in the last column (0.0040 grm. 
on carbon dioxide for a gram of carbonate) was determined 
by five closely agreeing analyses of various amounts in the 
larger apparatus. 

The process, besides being delicate, is fairly rapid — the 
average time for a determination being about three-quarters 
of an hour. 



LIV 

THE lODOMETRIC ESTIMATION OF 
MOLYBDIC ACID. 

By F. a. GOOCH and CHARLOTTE FAIRBANKS* 

I. The Digestion Method. — Mauro and Danesi have shownf 
that under carefully regulated conditions, hydrochloric acid, 
potassium iodide and a soluble molybdate interact so definitely 
that the iodine set free from an excess of potassium iodide 
may be taken as a measure of the molybdic acid, assuming 
that every molecule of molybdic acid sets free an atom of 
iodine. They explain this action by the equation : 

2Mo08 + 4HI = 2MoOaI + I, + 2HjO. 

These results are obtained by acting upon a soluble molybdate 
containing from 0.1 to 0.6 grm. of molybdic acid with 1.5 grm. 
of potassium iodide in 1.5 cm* of water and 2.5 cm* of strong 
hydrochloric acid, in an atmosphere of carbon dioxide, the 
whole being heated an hour and a half in a sealed tube. The 
authors point out that with prolonged heating the action 
proceeds a little farther, and in the cold, under conditions 
otherwise similar, not quite so far as the theory of the equation 
would indicate. 

Upon following out exactly the directions of Mauro and 
Danesi we obtained results similar in general to theirs. The 
digestion in sealed tubes under the conditions indicated gave 
results closely comparable with theirs, and these were in fairly 
good accord with the theory of the reduction. Our results 
obtained by digesting in the cold and in small volumes for a 
long time, according to the second method of Mauro and Danesi, 
were not equally favorable, and these results, as well as those 

* From Am. Jour. Sci., ii, 160. t Zeitochr. anaL Chem., xz, 607. 
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Tbbatmsmt in Seaubd Tubeb at lOQo for H Houbs. 


(Method of Mauro and Danes!.) 








MoO„M 






HCl 


H^O. 


KL 


mdybdate. 


MoOtfoimd. 


BRor. 


C.C. 


0.0. 


grm. 


grm. 


grm. 


gim. 


2.6 


1.6 


1.6 


0.1010 


0.1007 


0.0008- 


2.6 


1.6 


1.6 


0.8016 


0.8008 


0.0007- 


2.6 


1.6 


1.6 


0.6006 


0.4776 


0.0081- 


2.6 


1.6 


1.6 


0.6020 


0.4924 


0.009a- 


Treatment 18-22 Hours in Cold. 


(Method of Mauro and Danesi.) 


HCL 


H.O. 


KL 


MoO,M 
aboTB. 


MoOtfoond. 


E«r. 


C.C. 


CO. 


grm. 


grm- 


grm. 


gra. 


2.6 


1.6 


1.6 


0.0986 


0.0982 


0.0004- 


2.6 


1.6 


1.6 


0.0982 


0.0979 


0.0008- 


2.6 


1.6 


1.6 


0.2041 


0.2024 


0.0017- 


2.6 


1.6 


1.6 


0.2069 


0.2043 


0.0016- 


2.6 


1.6 


1.6 


0.2068 


0.2040 


0.0028- 


2.6 


1.6 


1.6 


0.3116 


0.3069 


0.0067- 


2.6 


1.6 


1.6 


0.8098 


0.3011 


0.0087- 


2.6 


1.6 


1.6 


0.4080 


0.4011 


0.0069- 


2.6 


1.6 


1.6 


0.4087 


0.4016 


0.0072- 


2.6 


1.6 


1.6 


0.6210 


0.6102 


0.0108- 


2.2 


1.6 


1.6 


0.6172 


0.5023 


0.0149- 


Treatment at 100° for 1 Hour. 


(Amounts of liquid and iodide different from those of Mauro and Danesi.) 


HCL 


H,0. 


KL 


MoO, taken. 


MoOsfonnd. 


Srror. 


C.C. 


0.0. 


grm. 


grm. 


grm. 


grm. 


16 


16 


0.6 


0.0893 


0.0897 


0.0004+ 


16 


16 


0.6 


0.0824 


0.0813 


0.0011- 


16 


16 


0.6 


0.0828 


00818 


0.0015- 


16 


16 


0.6 


0.0900 


0.0982 


0.0008- 


10 


10 


0.6 


0.0841 


0.0842 


0.0001+ 


10 


10 


0.6 


0.1688 


0.1691 


0.0098- 


10 


10 


0.6 


0.1706 


0.1686 


0.0170- 


20 


20 


0.6 


0.1696 


0.1638 


0.0062- 


Treatment 18 Hours in Cold. 


(Amounts of liquid different from those of Mauro and Danesi.) 


HCL 


H,0. 


KI. 


MoO, taken. 


MoO, found. 


Srror. 


o.c 


0.0. 


grm. 


gfim. 


grm. 


grm. 


40 


10 


1.6 


0.6018 


0.4847 


0.0171- 


go 


80 


1.6 


0.6005 


0.4910 


0.0095- 


76 


26 


1.6 


0.6085 


0.4934 


0.0101- 


76 


26 


1.6 


0.6022 


0.4920 


0.0102- 
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obtained by varying the treatment, indicated an increasing 
difficulty in the reduction of the molybdic acid as its amount 
increased. As will be seen from the table, the method of 
Mauro and Danesi was varied in two ways: instead of only 
treating in small volumes (4 cm^) at 100° C, we used larger 
volumes (20 cm^ to 30 cm^) at 100° C. with weaker acid and 
smaller amounts of the iodide ; and instead of the treatment 
in the cold of only small volumes (4 cm^), large volumes (50 
cm^ to 100 cm* with stronger acid were used. 

The explanation of these experimental results we were 
inclined to believe lay in a tendency on the part of the iodine, 
set free in the process, to reverse the action. If this is so, the 
obvious remedy should be found in the removal of the iodine 
from the sphere of action, and this idea led us to experiment 
upon a process of distillation in which the iodine should be 
collected and estimated in the distillate ; but before our work 
was completed, Friedheim and Euler published* the results of 
their investigation along the same line. 

II. Distillation Process. — These investigators have shown 
that if molybdic acid is treated with potassium iodide and 
hydrochloric acid, one atom of iodine is distilled for every 
molecule of molybdic acid present. The process according to 
their directions consists in treating in the Bimsen apparatus 
from 0.2 to 0.3 grm. of a soluble molybdate, or molybdic acid 
dissolved in sodium hydroxide, with 0.5 grm. to 0.75 grm. of 
potassium iodide and enough hydrochloric acid (sp. gr. 1.12) 
to two-thirds fill the flask. The solution is warmed for some 
time and only heated to boiling when the flask is wholly filled 
with the heavy vapor of iodine. It is boiled until no more 
iodine is visible and the liquid is of a clear green color. The 
iodine, collected in a receiver previously charged with a 
solution of potassiimi iodide, is then titrated with a standard 
thiosulphate solution. Results, varying between 0.03 per cent 
and 1.1 per cent on amounts, ranging from 0.2 grm. to 0.4 
grm., of the molybdic acid present, were obtained by them. 

Our experience fully confirms the usefulness of the method 
« Ber. Dtach. chem. Qes., xxriii, 2066. 
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of Friedheim and Euler, but we have found it necessary to 
define more exactly the conditions of distillation. It is not 
sufficient to say that the boiling shall be stopped when a clear 
green color appears and when the steam is no longer colored by 
iodine ; for the green color comes very gradually and we have 
repeatedly found iodine in the residue after the green color 
had developed distinctly. We have found it safer and more 
convenient to start the distillation with a definite volume of 
liquid and boil until the volume is reduced to a definite point. 
Our work has shown that if the initial volume is about 
40 cm^ no iodine remains in the flask after the liquid has been 
boiled down to 25 cm^ and that at that degree of concentration 
the molybdic acid shows the theoretical reduction ; but if the 
concentration is pushed beyond this point, a tendency to 
further reduction of the molybdic acid becomes evident. 

We find it necessary to carry on the distillation in an atmos- 
phere of carbon dioxide, inasmuch as tlie hydriodic acid freed 
by the action of hydrochloric acid of the strength employed 
upon the potassium iodide, is decomposed by distillation in 
contact with air, with liberation of iodine. As even a trace of 
oxygen will immediately set free iodine from boiling hydriodic 

acid, the carbon dioxide must be as 
free as possible from oxygen. The 
carbon dioxide wliich we used was 
evolved from boiled marble by the 
action of boiled acid to which a little 
cuprous chloride had been added, and 
was finally passed through a solution 
of iodine in potassium iodide to free 
it from any reducing substance which 
might be present. 

The apparatus wliich we found 
most satisfactory was constructed 
with sealed and groimd joints exclu- 
sively, and is shown in the accom- 
panying figure. The distillation takes place in the first flask, 
and the iodine collects in the second flask and trap, which 




Fio. 16. 
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hold a solution of potassium iodide kept cool by immersion of 
the flask in cold water. 

Before making the test experiments, a stream of the purified 
carbon dioxide was passed through the whole apparatus for 
some minutes and the stopcock in the funnel was closed. 

Ammonium molybdate, from 0.1 to 0.4 grm., dissolved in 
10 cm^ of boiled water, was put in the stoppered funnel and 
almost all of it allowed to run into the first flask. It was 
necessary that a few drops be left in the funnel or the liquid 
to follow would carry down bubbles of air. This precaution 
is necessary to the attainment of good results. Ten cubic 
centimeters of boiled water containing 0.6 grm. of potassium 
iodide were introduced similarly, and finally 20 cm^ of strong 
hydrochloric acid (sp. gr. 1.20). Before the acid was allowed 
to run in wholly, the stoppered funnel was again filled with 
carbon dioxide and finally left connected with the generator 
so that carbon dioxide might be passed into the apparatus at 
any time. 

The liquid in the first flask, which at that time held the 
ammonium molybdate, 0.6 grm. of potassium iodide, 20 cm^ 
boiled water and 20 cm^ of hydrochloric acid (sp. gr. 1.20), 
was boiled until the volume decreased to 25 cm^. Under these 
conditions we do not find it necessary to digest the mixture 
before boiling. The iodine in the second and third flasks was 
titrated with standard thiosulphate. 

The ammonium molybdate which we used in all the experi- 
ments was prepared by twice recrystallizing presumably pure 
molybdate. This salt was proved to contain 81.65 per cent of 
molybdic acid by the fact that a given weight of the molybdate 
was found to liberate 81.56 per cent of the amount of iodine 
set free by the same weight of pure molybdic anhydride 
dissolved in sodium hydroxide and treated similarly. 

We have found it to be a matter of importance that the 
potassium iodide present shall never exceed the theoretical 
requirement by more than half a gram ; otherwise the reduc- 
ing action on the molybdic acid will be forced too far. When 
the amount of molybdic acid present is less than 0.3 grm. 
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it is safer to restrict the potassium iodide used to half a 
gram. 



MoOs as ftmxnoniam 


KL 


MoOs found. 


Blrror. 


grm. 


grm- 


grm. 


gra. 


0iJ686 


0.6 


0.2680 


0.0006- 


0.2906 


0.6 


0.2991 


0.0004- 


0.2624 


0.6 


0.2613 


0.0011- 


0.2446 


0.6 


0.2457 


O.OOll-h 


0.2903 


0.6 


0.2914 


0.0011+ 


02798 


0.6 


0.2808 


0.001(M- 


0.2666 


0.6 


0.2663 


0.0007+ 



MoO,di8«olTed 
inNaOH. 


KL 


MoO, found. 


Error. 


grm. 
0.2273 
0.2052 
0.8474 


gniL 
0.6 
0.6 
0.6 


gnu. 
0.2281 
0.2062 
0.3467 


grm. 
0.0008+ 
0.0010+ 
0.0007- 



III. Reoxidation Process. — It was noticed during our 
experiments upon the method of Mauro and Danesi, as has 
been remarked previously, that large amounts of iodine in the 
digestion flask seemed to react upon the reduced product. In 
the process of Friedheim and Euler, too, it was discovered 
that, when the iodine which had collected in the second flask 
was drawn back into the first flask and mixed with the hot 
reduced product, the iodine found by titration was deficient in 
amount. It was found also that small amounts of standard 
iodine, introduced into the flask containing the reduced 
molybdic acid in an atmosphere of carbon dioxide, were 
absorbed slowly when this mixture was heated. This slow 
disappearance of tlie iodine in acid solution suggested the 
possibility of effecting the complete oxidation of the reduced 
molybdic acid in an alkaline solution, containing a tartrate or 
other salt of an organic acid to prevent precipitation. Several 
experiments were made in this direction upon the residues left 
in the process of Friedheim and Euler, t^e distillate having 



lODOMETRIC ESTIMATION OF MOLYBDIC ACID. 881 

been titrated as usual with sodium thiosulphate to make sure 
that the reduction had proceeded properly. These residues 
were treated in each case with 1 gnn. of tartaric acid, 
neutralized by acid sodium carbonate and left standing for 
an hour or two with an excess of standard iodine. Upon 
determining, by means of standard arsenious acid, the iodine 
left over, it was found that the amoimt of it which had 
disappeared corresponded very closely with that set free in 
the distillation, which is of course the same as that necessary 
to reoxidize the molybdic acid completely. 

The conditions necessary to complete oxidation being known, 
experiments were made to see whether the process could not 
be successfully carried on in an open flask. Naturally under 
these conditions the air present must, as in the previous 
experiments, tend to set free some iodine at the outset, but, 
inasmuch as the hydriodic acid gradually diminishes in 
strength as the molybdenum is reduced and all iodine is 
ultimately driven from the flask, which is filled with steam 
during the boiling, it seemed possible that the danger from 
the action of atmospheric oxygen might be so far reduced as 
not to interfere essentially in the estimation of the molybdenum 
in the residue, provided the contents of the flask is diluted 
and cooled at the end of the boiling. Ammonium molybdate 
containing from 0.1 to 0.8 grm. molybdic acid, 0.6 grm. of 
potassium iodide, 20 cm^ of water and 20 cm^ of hydrochloric 
acid (sp. gr. 1.20) — the same proportions as those used in 
the process of Friedheim and Euler — were put into a 100 cm* 
flask or narrow-based Erlenmeyer, and boiled from a total 
volume of 40 cm^ to exactly 25 cm^ a point carefully marked 
on the flask. At this point of concentration, tests, repeated in 
many cases, have shown no free iodine in the reduced solution. 
If the solution is boiled below 26 cm^, there is a tendency for 
the reducing action to go too far. 

The residue was diluted at once, neutralized with acid 
sodium carbonate, and treated with an excess of standard 
iodine. 

For a trap to prevent loss during boiling, a two-bulbed 
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calcium chloride tube, cut off as shown in the figure four 
centimeters below the larger bulb, was fitted loosely inside 
the jieck of the flask. Too violent boiling was prevented by 
the addition of two or three small pieces of 
pmnice stone. While still acid the reduced 
solution, diluted and containing at this time 
little hydriodic acid, is not appreciably leoxid- 
ized in the air for some time ; but when once 
made alkaline, it is very easily changed. 
Therefore the iodine for reoxidation must either 
be added before the solution is made alkaline 
J. -g ^ or great care must be taken while neutralizing 
to stir the solution as little as possible and to 
draw in the iodine immediately. Less chance for error is 
introduced if the reduced solution is put, with an excess 
amounting to at least 8 cc. of decinormal iodine and with a 
gram of tartaric acid, to prevent precipitation, in a liter flask, 
corked and then neutralized witli acid sodium carbonate. 
The flask is fitted with a paraffined rubber stopper, carrying 
a funnel with a stop-cock for introducing the acid sodium 
carbonate and a Will and Varrentrapp trap for catching in a 
solution of potassium iodide any iodine thrown off during the 
effervescence. In some of tlie test experiments normal potas- 
sium carbonate, as causing less effervescence, was substituted 
for the acid sodium carbonate during the first part of the 
neutralization; the solution, however, must always finally be 
made alkaline with the acid carbonate. 

The simpler method of neutralization is to put the reduced 
solution and a gram of tartaric acid in a liter flask, adding 
enough sodium hydroxide to nearly neutralize the solution, 
and finally making the solution surely alkaline with acid 
sodium carbonate. An excess of the standard iodine must 
be drawn in at once or atmospheric oxidation will take place 
and the error of the process be great. 

If the solution has been properly neutralized according to 
either method, the iodine color should perceptibly fade within 
fifteen minutes, but for complete oxidation the trapped or 
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corked bottle should be set aside out of sunEght for an hour 
and a haK or two hours. The iodine which was not used for 
reoxidation was then titrated with a standard arsenic solution. 
Since there is a slight tendency, especially when sodium 
hydroxide and acid sodium carbonate are used for neutraliza- 
tion, toward the formation of a little iodate, it is wise 
to acidulate the solution in each case slightly with dilute 
hydrochloric acid and then to determine by sodium thiosul- 
phate the iodine which has taken the form of iodate. The 
ratio 126.85 : 144 expresses the relation of the total amount 
of iodine used in the reoxidation process to the calculated 
amount of molybdic acid present. The table given below 
shows the amount of molybdic acid taken in the form of 
ammonium molybdate and the molybdic acid found calculated 
from the iodine used in reoxidation. 



MoO,a8 
funxnoniuni 


KI. 


MoO. 


Error. 


Neutralijsed by 


molybdate. 










gfUi. 


grm. 


grm. 


grm. 




0.1640 


0.5 


0.1639 


0.0001- 


K^CO, + NaHCOa 


0.1692 


0.5 


0.1681 


0.0011- 


11 • It 


0.1666 


0.5 


0.1661 


0.0006- 


it « 


0.1617 


0.6 


0.1617 


00000 


NaHCOs 


0.2530 


0.5 


0.2637 


0.0007+ 


11 


0.1636 


0.6 


0.1637 


0.0001+ 


ti 


0.1702 


0.6 


0.1702 


0.0000 


it 


0.1620 


0.6 


0.1618 


0.0002- 


t( 


0.1642 


0.6 


0.1662 


0.0010+ 


It 


0.4660 


0.76 


0.4560 


0.0000 


tt 


0.1690 


0.6 


0.1683 


0.0007- 


NaOH + NaHCOii 


0.0507 


0.5 


0.0619 


0.0012+ 


tt tt 


0.1663 


0.6 


0.1666 


0.0008+ 


tt tt 


0.0101 


0.5 


0.0096 


0.0006- 


M (( 


0.1639 


0.6 


0.1682 


0.0007- 


tt tt 


0.1636 


0.6 


0.1626 


0.0011- 


t€ tt 


0.0607 


0.5 


0.0510 


0.0008+ 


U tt 


0.1686 


0.6 


0.1683 


0.0002- 


t* tt 


0.1614 


0.6 


0.1612 


0.0002- 


« « 


0.1649 


0.6 


0.1646 


0.0008- 


M «( 




Average 


error in the e 


xperiments, -C 


1.0001 gram. 



The results given in the foregoing table show that molyb- 
dic acid can be determined with accuracy and convenience 
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by boiling it with hydrochloric acid and a small excess of 
potassium iodide to a definite concentration in an ordinary 
flask, then neutralizing the residue with acid sodium car- 
bonate, and reoxidizing the reduced molybdic acid with 
standard iodine. 



LV 
ON THE EXISTENCE OF SELENroM MONOXIDE. 

By a. W. PEIRCE * 

It was Berzelius's idea that the odor of decayed cabbage 
which is noticed when selenium is burned in air is due to the 
formation of a gaseous lower oxide of selenium which he 
called the monoxide. The same oxide is said to be formed 
when selenium sulphide is dissolved in an insuifficient amount 
of aqua regia, in the distillation of a mixture of selenium 
and selenium dioxide, and in the action of sulphur upon 
selenium dioxide. 

Saccf records his inability to obtain such an oxide, and 
attributes the odor which is noticed under these conditions 
to a trace of selenium hydride. A very minute trace of the 
hydride is sufficient to develop a very considerable odor, and 
traces of moisture may be enough to produce a perceptible 
odor of the hydride when the conditions are favorable to 
action upon the elementary selenium. When selenium bums 
in air, or when its sulphide is oxidized by aqua regia, moisture 
is inevitably present, and when selenium dioxide is reduced 
by sulphur or intermixed with elementary selenium its ex- 
tremely hygroscopic character implies the presence of traces 
of water. 

It has been a generally accepted opinion of late that the 
selenium monoxide does not exist, but more recently, in work 
upon certain organic compounds of selenium, Chabri^ has 
been led to the idea that the monoxide does exist and that 
it is a solid body. Chabri^ states | that when selenium is 
heated in air it tends to increase in weight At 100** C. the 

* From Am. Jour. ScU xi> 163. t Ami. Chim.. m, xzi, 110. 

t Ann. Chim., VI, xx, 273. 

26 



386 EXISTENCE OF SELENIUM MONOXIDE. 

increase is said to be inappreciable, but at 180^ C. it ap- 
proaches very nearly to the limit corresponding to the forma- 
tion of the selenium monoxide, SeO. Further he says that 
this increase in weight when the selenium is heated to 180^ 
cannot be due to the formation of the dioxide, since that 
compound, if it were formed, could be seen as a crystalline 
deposit; or if the temperature is too high to allow it to 
deposit, a loss of weight would result. He is so sure of the 
increase that, were it not for the fact that the monoxide has 
not been generally recognized, he would suggest as a possible 
means for the determination of selenium to heat it to 180* 
and estimate it as SeO. The selenium with which Chabri^ 
obtained these results was reduced by acting with sodium 
sulphite and hydrochloric acid upon the product of oxidation 
of certain organic compounds of selenium of the aromatio 
series by means of nitric acid, and filtering on glass wooL 
The product when dried quickly at 100° gave results in 
accord with his theory of the constitution of the compounds, 
counting the selenium dried at 100° as existing in elementary 
form. Thus: 





L 


n. 


in. 


Se fotmd 


0.0347 


0.0680 


0.0406 


Se by theory 


0.0349 


0.0678 


0.0414 



0.0002- 0.0002+ 0.0008- 

In other analyses of the same compounds, in which the 
selenium was dried at 180° instead of at 100°, the weight of 
the selenium was so much greater as to suggest the idea that 
the element had oxidized to the condition of the monoxide. 
Thus: 

L n. in. IV. 

SeO (?) found 0.0301 0.0625 0.0523 0.0517 
SeO by theory 0.0301 0.0517 0.0504 0.0498 
0.0000 0.0008+ 0.0019+ 0.0019+ 

Had Chabri^ actually foimd that the same identical sele- 
nium determined by drying to a constant weight at 100°, did 
actually increase in weight at 180° to a constant amount 
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corresponding exactly to what the weight should be were the 
monoxide formed, the evidence of such oxidation would be 
good. What Chabrid did, however, was to show that when 
the selenium from one sample of his compound was dried at 
100° and regarded as elementary selenium, the amount of it 
found corresponded to his theory of the composition of his 
compound; while to harmonize the results of analysis with 
the demands of the theory, when the selenium from another 
sample of the same preparation was heated to 180° it became 
necessary to assume that the selenium had been oxidized to 
the condition of the monoxide. Moreover, it has been shown 
very recently by Krafft and Kaschau * that the composition 
and constitution given by Chabrid to some, at least, of his 
organic compounds of selenium cannot be sustained. It has 
seemed to be desirable, therefore, to put the question of the 
oxidation of selenium at 180° to the direct test. 

I have dried selenium to a constant weight at 100° C. and 
then have heated it to 180° C. for various periods of time, 
and in no single case have I observed the slightest increase 
in weight. In the following table are the results of these 
experiments. In every case the selenium was taken originally 
as the dioxide, prepared as described in previous articles, and 
precipitated in some cases with sulphurous acid, in some 
instances with potassium iodide, dried to a constant weight 
at 100° and then heated to the temperature and for the 
periods indicated below: 



Kxp. 


Se found at 
100°. 




TlmA. 


Weight 


LOM. 




grm. 




hours. 


gnn. 


grm. 


(1) 


0.0366 


llOo 






0.0360 


0.0006 






180O 






0.0348 


0.0002 


(2) 


0.0866 


llOo 






0.0360 


0.0006 






180O 






0.0347 


0.0003 






160O 






0.0346 


0.0001 


(3) 


0.0676 


180O 


8 




0.0646 


0.0030 


0.0676 


180O 


8 




0.0668 


0.0018 


W 


0.3324 


180O 


2 


0.8806 


0.0018 


6) 


0.3600 


\W> 


U 


0.8446 


0.0066 


7) 


0.4274 


1W> 


1} 


0.4282 


0.0042 



* Ber. DtBch. chem. Gefl., zziz, 428. 
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Other experiments were made for the purpose of deter- 
mining if possible just how the losses occur. The selenium 
collected as usual upon asbestos in a perforated crucible was 
introduced into a large glass tube placed horizontally in an 
air bath in such manner that the tube extended outside the 
bath at both sides and remained cool at the ends. A current 
of diy air was drawn through ignited asbestos and then 
through the tube containing the selenium and crucible, and 
passed to the suction pump through a glass trap filled with 
water. A thermometer placed within the tube and closely 
adjacent to the selenium showed the temperature of the 
selenium as the experiment progressed. On gradually heat- 
ing the bath no change was observed at first, but at 180® C. 
a mirror of red elementary selenium formed on the cooler 
portions of the tube outside the bath, but did not extend so 
far as the trap. At the end of the heating the crucible was 
weighed and tlie loss determined. The washings of the tube 
and the trap when acidified and tested with potassium iodide 
gave no indication of selenious acid, as would inevitably be 
the case if selenium dioxide were formed and volatilized 
during the heating. The loss is due, therefore, entirely to 
the volatilization of the selenium as such. 



Exp. 


Se f oand at 
100^. 




Time. 


Weight 


LOH. 


(8) 

(9) 

(10) 

(11) 


gnn. 
0.0706 
0.0987 
0.8192 
0.0983 


180O 
180O 
180O 
180O 
200O 


hours. 

P 


grm. 
0.0628 
0.0948 
0.3121 
0.0926 
0.0876 


gm. 
0.0078 
0.0089» 
0.0071 
0.0058 
0.0049 



In every case, irrespective of the reducing agent employed 
or details of treatment, I get a loss of weight on heating 
selenium in air to 180°, due to the volatilization of the 
selenium. If this is so, it should be possible to so arrange 
the apparatus that the selenium volatilized may be caught and 
weighed. 

« In current of CO2 instead of air. 
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A drying tube with ground-in stopper was, therefore, 
sealed to a smaller tube carrying a bulb filled with ignited 
asbestos. The selenium was weighed and introduced upon 
an asbestos felt into the larger tube and the whole was 
carefully weighed. 

The larger tube was heated in the air bath, while air was 
drawn through the tube in the direction of the bulb of 
asbestos, which was outside the bath and cool. Selenium 
volatilized as before, very evidently, as far as the asbestos 
in the bulb, where it was caught. On cooling and weighing 
the tube and contents, absolutely no change of weight was 
observed. This shows that no gaseous product is formed to 
occasion the loss, but that the decrease of weight in the 
former experiments was due to the volatilization of the 
selenium itself. 

Thus I am unable to duplicate the results of Chabiid in 
this matter, although I have followed his method of treatment 
so far as it is described. The only difference apparent is in 
the source of the selenium — in this work the dioxide of 
known purity with which much exact work has recently been 
done, and in Chabri^'s work the oxidation product of certain 
organic compounds. I fail to see, however, how this differ- 
ence in origin can affect the sensitiveness of the selenium with 
reference to the oxidizing action of the air. 

Having thus been unable to obtain the monoxide in the 
solid state, I have made some experiments upon the oxidation 
of selenium by heating it in mixture with the dioxide under 
such conditions that the existence of a gaseous product, such 
as Berzelius describes it to be, would be noted, even if it 
were formed in very smaU amount. 

A hard glass tube of convenient size, about 2 cm. in diameter 
and 65 cm. in length, was washed and dried most carefully and 
sealed at one end. Through the open end were introduced 
0.0247 grm. pure selenium dioxide, freshly prepared and 
scrupulously protected against moisture, and 0.0250 grm. 
powdered selenium. The open end was then drawn out in 
such a way that attachment could easily be made to an air 
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pnmp and an intervening portion of the tube constricted so 
as to be easily sealed later. The end was attached to a mer- 
cury air pump and the pressure reduced to 4 mm. By ap- 
plying a flame to the constricted part the tube was sealed 
in that condition. The tube was heated gradually in a 
small combustion furnace until the whole contents were 
vaporized, maintained in that condition some minutes and 
then cooled. At every opportunity of lower temperature the 
selenium vapors would condense into dark metallic drops 
which ran into larger and larger drops, like mercury globules, 
seeming to separate from the dioxide vapors. This treatment 
was repeated six times at intervals, the contents of the tube 
showing each time the same phenomena of sublimation and 
condensation. Nothing was observable at any time to indicate 
chemical change in either substance, each maintaining the 
characteristics of its own sublimatioiL 

Finally the air pump was again attached and allowed to 
work until the manometer registered no pressure. Upon 
breaking the end of the tube by pinching it inside the rubber 
coimector, the height of the mercury colunm indicated the 
same pressure as when the tube was originally sealed. When 
disconnected the tube possessed not the slightest odor. 

This experiment was repeated with the sole modification 
that the heating was not carried to a temperature so high, 
and this time 0.0730 grm. freshly prepared dry selenium 
dioxide and 0.0730 grm. powdered selenium were sealed up 
in the evacuated tube and heated for seven hours at 180®C. 
and finally for one hour at 200°. Upon breaking the tube 
under conditions similar to those of the previous experiment 
the contents showed no pressure and possessed no odor. Obvi- 
ously no gaseous product was formed imder these conditions. 

I have thus been unable to find evidence of the existence of 
selenium monoxide, either gaseous or solid, and my experience 
goes to show that the peculiar smell attributed by Berzelius 
to tiie monoxide is only developed, as Sacc found, when 
selenium is heated in presence of moisture, and that a mere 
trace of moisture is sufficient to produce the odor. 



LVI 

AN lODOMETRIC METHOD FOR THE DETERMI- 
NATION OF PHOSPHORUS IN IRON. 

Bt charlotte FAIRBANKS.* 

A RECENT paper from this laboratory! showed that molybdic 
acid was reduced by hydriodic acid to the condition of oxida- 
tion represented by the symbol MogO, in acid solution, while 
in an alkaline solution the reduced product was reoxidized by 
standard iodine. 

In acid solution, 2Mo08 + 2HI = MojO, + I« + HjO. 
In alkaline solution, MojOg 4- If + HjO = 2MoOs + 2HI. 

These reactions obviously present the possibility of develop- 
ing a method for the determination of phosphorus in the 
phospho-molybdates. 

The very careful work of Blair and WhitfieldJ shows con- 
clusively that the ammonium phospho-molybdate, precipitated 
under the conditions ordinarily prescribed for the determiner 
tion of phosphorus in iron or iron ores is of definite consti- 
tution. They find that 24M0O3, P2O5, 8(NH4)20, 2H2O 
expresses the composition of this phospho-molybdate, which 
therefore contains 1.794 parts of phosphorus to every 100 
parts of molybdic anhydride. 

This being the case, it is plain that if advantage can be 
taken of the fact that the amount of iodine necessary to reoxi- 
dize reduced molybdic acid is large, as well as of the fact that 
the amount of molybdic acid compared to the phosphorus 
contained in the phospho-molybdate is also large, a method 
of great theoretical accuracy should result. 

I have experimented with a process which consists essen- 

* From Am. Jour. Sci., ii, 181. 

t Gooch and Fairbanks, Am. Jour. Sci., ii, 156. This Toliime» p. 375. 

t Jour. Amer. Chem. See, xrii, 747. 
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tially in treating the ammonium phospho-molybdate, produced 
by the accepted methods of iron analysis, with potassium 
iodide in the presence of strong hydrochloric acid and under 
carefully regulated conditions; in neutralizing the residue 
thus obtained by acid sodium carbonate; and in reoxidizing 
the reduced molybdenum compound to the condition of molyb- 
dic acid by titration with iodine. 

The directions prescribed by Blair and Whitfield for making 
the ammonium molybdate solution were followed : 100 grams 
of molybdic anhydride are intimately mixed with 400 cm' of 
distilled water and 80 cm^ of strong ammonia, and after filter^ 
ing this liquid is poured into a mixture of 300 cm* of nitric 
acid (1.42 sp. gr.) and 700 cm* of water. This solution, it is 
said, practically remains unaltered for months ; but it is much 
safer to filter each day the portion to be used. 

In order to obtain a standard solution of phosphorus, 1.2 
grams of microcosmic salt were dissolved in one liter of water 
and 50 cm* of this solution were evaporated, and the residue 
ignited and weighed as sodium metaphosphate. 

Iron free from phosphorus, for admixture with known 
amounts of phosphorus in the test experiments, was prepared 
by igniting ferrous oxalate. The oxalate was precipitated by 
oxalic acid from ferrous sulphate dissolved in warm water. 
The precipitate was then thoroughly washed with cold water, 
dried and ignited. 

The ferric oxide thus obtained was dissolved in hydrochloric 
acid, evaporated to dryness, and dried on a hot plate. The 
ferric chloride was treated with nitric acid and the solution 
evaporated twice. In this way all but a trace of the chloride 
was destroyed. 

Since in the ordinary determination of phosphorus in iron, 
potassium permanganate is added, as Drown says,* to insure 
the complete oxidation of the phosphorus to the orthophos- 
phoric acid, it seemed best to make sure tliat this treatment 
was not detrimental in the process to follow. Enough perman- 
ganate was therefore added in my experiments to distinctly 
* Trans. Am. Inst Min. Eng., xviii, 93. 
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color the already boiling solution of ferric nitrate, and then 
a little tartaric acid was used to clear the solution. 

As too much free acid prevents the full precipitation of the 
ammonium phospho-molybdate, the ferric nitrate solution was 
treated with ammonia until a precipitate or the ruby wine color 
appeared. Then dilute nitric acid was added until the color 
of the solution was a clear amber. Generally four or five 
grams of ferric oxide were used in each determination. 

The ferric nitrate and phosphorus solutions, in volmne not 
less than 150 cm^ nor more than 300 cm^ were drawn into an 
ordinary 500 cm^ flask. The flask was heated on the steam 
bath to just 85® C. — very carefully, since at higher temper- 
atures there is danger of precipitating molybdic acid — and 
immediately 40 cm^ of the filtered ammonium molybdate solu- 
tion were so added as to wash down the thermometer and the 
sides of the flask. The flask was corked, wrapped in a towel, 
and shaken for five minutes. The contents were filtered at 
once on an asbestos felt, and the precipitate washed three or 
four times, first with a 10 per cent solution of nitric acid, and 
then with a 1 per cent solution of potassium nitrate. 

If the nitric acid and potassium nitrate solutions wash the 
flask and cork each time, it wiU do no harm if some of the 
precipitate still adheres to the sides of the flask ; for the flask, 
cork and crucible are all finally washed with ammonia. The 
asbestos felt was transferred to a 100 cm* flask or narrow based 
Erlenmeyer. The precipitation flask and cork were thoroughly 
washed with a mixture of 5 cm' of ammonia and ten cm* of 
water, and the washings were allowed to rinse the sides of the 
perforated crucible — standing on a small funnel — and so to 
run into the 100 cm* flask. Twenty-five cubic centimeters of 
strong hydrochloric acid were added and, where the phospho- 
rus does not exceed 0.0060 grm., 0.5 grm. of potassium iodide ; 
but, where more than 0.0060 grm. of phosphorus is present, a 
little more potassium iodide is theoretically and practically 
needed. Experience has shown that the iodide present should 
not exceed the amount theoretically necessary by more than 
a half gram. 
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The liquid wvlb boiled down from a total volume of 40 om^ 
to just 25 cm^ a volume easily marked by two stnpB of paper 
pasted on opposite sides of the flask. If the solution is boiled 
farther, the molybdic acid is likely to be reduced beyond the 
degree of oxidation indicated by the symbol MotO^ The 
residue was neutralized with acid sodium carbonate, according 
to one or the other of the methods described below, azxd 
treated with an excess of standard iodine. 

For a trap to prevent loss during boiling, 

^ a two-bulbed drying tube was cut off an indi 

jl and a half below the largest bulb and this end 

II fitted loosely into the neck of the flask, as 

^AbL shown in the accompanying figure. The 

I jT addition of two or three little pieces of pumice 

/ lli^ stone, previously boiled in hydrochloric acid^ 

^^U/f/jgrn insures quiet boiling. 

Fig. 10. While still acid the reduced solution is not 

appreciably reoxidized in the air, but when 
once made alkaline it is very easily changed. Therefore great 
care must be taken either to have the iodine present before 
the solution is made alkaline, or else to stir up the solution 
as little as possible while adding the alkalies and to draw in 
the iodine solution immediately. 

The safer method is to put the reduced solution, with one 
gram of tartaric acid, to prevent the precipitation of the 
molybdenum, and an excess of the iodine solution, amounting 
to at least 8 cm^ into a liter flask. This flask was fitted with 
a paraffined rubber stopper, carrying a funnel with a stop-cock 
for admitting slowly the acid sodium carbonate to effect 
neutralization, and a Will and Varrentrapp trap, filled with 
a solution of potassium iodide, to catch the iodine thrown off 
during the effervescence. 

The more convenient way, and after a little practice a 
serviceable method for rapid work, is to put the solution and 
the tartaric acid in a bottle, to add enough sodium hydroxide 
to nearly neutralize the free acid, and then to make the 
solution distinctly alkaline with an excess of acid sodium 
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carbonate, tiiq[>iDg the flaak to one side to prevent loss dming 
the effervescence. The iodine flolution must be dra^gm in 
immediately or atmospheric oxidation will take place and flie 
eiror of the process be great 

After either mediod of neutralization flie iodine color in die 
solution should perceptibly fade within fifteen minutes; bat 
for complete oxidation the coiked bottle should be set aside, 
out of sunlight, for an hour and a half, and then the excess of 
the iodine titrated with a standard solution of arsenious acid. 

Since there is a slight tendency on the part of the iodine, 
especially when the sodium hydroxide and the acid sodium 
carbonate are used for neutralization, to form a Uttle iodate^ 
it is wise to acidulate the solution in each case shg^tly witibi 
dilute hydrochloric add after the titration with the arsenic 
solution, and then to determine fay sodium thiosulphate the 
trace of iodine which has taken the form of iodate. 

In the f oUowiog table the absolute errors in terms of 
phosphorus are given; and the percentage errors, between the 
phosphorus taken and the phosphorus found, referred to 10 
grams of material — the maximum amount of high grade iron 
or steel usually taken for analysis — are also added. 





Ainflimt 


AmiMmt 




PmiwH 




Z£P. 


of P 


ofP 


BrmronPp 


of error 


N&utnMjicd v/j 




tiA«&« 


foaodf 




dr. 






gmip 


Rthl 


gna. 






(1) 


0.002727 


0.0O2778 


0,000051+ 


0.0006 + 


KaHCO, 


2 


0.001812 


0.00174a 


0.000069- 


0.0007 - 


NaOH+NaHCOt 


W 


0.000009 


0.0009U 


0,000005+ 


0,00005+ 


NftOH + NaHCO, 


(4) 
(5 


o.oossoe 


0,008262 


0.000246- 


0.003 - 


N»OH + KaHCOs 


0.OQ5454 


ooo&in 


0.000037- 


O.00O5- 


NaHCO, 


61 


0.001818 


0.001861 


0.00004^4- 


0,0004 + 


NtiOH + NaHCO« 


H 


0,00363a i 


0.003716 


0.OOO0S0+ 


0.0008 + 


NaHCO. 


m 


0,000909 


0,000986 


0.00007H 


0.0007 + 


NftHCOt 


b) 


0.000363 


0.000289 


0,000074- 


{)xim - 


KaOH + NaHCOt 


(10> 


0,0081SO 


0.008179 


0.000001- 


0.00001- 


NftHCO, 



The error in (4) is obviously higli, and, in view of the 
results obtained in the former paper to which refereuee has 
been made, undoubtedly aooidental; but the result is inserted 
in the series because no reason was af^nzent for excluding it 
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In all of the experiments, with one exception, from fonr to 
five grams of pure iron oxide were introduced ; in experiment 
(9) the amount was 2.5 grm. 

In the first nine experiments, 0.5 grm. of potassium iodide 
was used ; in experiment (10) more was theoretically necessary 
and 0.75 grm. was added. 

The foregoing table shows that satisfectory results in the 
determination of phosphorus in iron can be obtained by 
precipitating the ammonium phospho-molybdate according to 
the usual methods of iron analysis; then reducing the 
phospho-molybdate thus obtained with potassium iodide and 
hydrochloric acid ; neutralizing the residue with acid sodium 
carbonate, and reoxidizing with standard iodine. 



Lvn 

ON THE REDUCTION OF VANADIO ACID BY HY- 
DRIODIC AND HYDROBROMIC ACIDS, AND THE 
VOLUMETRIC ESTIMATION OF THE SAME BY 
TITRATION IN ALKALINE SOLUTION WITH 
IODINE. 

Bt PHILIP B. BROWNING.* 

The reduction of vanadic acid from the condition of the 
pentoxide to that of the tetroxide by the action of hydriodic 
and hydrobromic acids has been applied to the volumetric 
determination of vanadium. Holverscheitf has shown that 
when a vanadate is treated with potassium bromide and strong 
hydrochloric acid, and the bromine liberated on boiling is 
passed into a solution of potassium iodide, the iodine set free 
and estimated shows the reduction to have gone to the 
condition of the tetroxide. This method is said to yield most 
satisfactory results. 

Friedheim in a recent paperj gives the method favorable 
comment, and shows also by a carefully made series of experi- 
ments that the pentoxide may be reduced to the tetroxide 
by boiling with potassium iodide and sulphuric acid, and, 
further, that the reduction may be carried even to the condition 
of the trioxide by substituting for the sulphuric acid strong 
hydrochloric acid. 

In both of the above mentioned methods the iodine liberated 
is conducted into a solution of potassium iodide and estimated 
in the usual manner. 

In a former paper § I have shown that vanadic acid may be 
determined conveniently and rapidly by reducing it to the 

* From Am. Jour. Set, ii, 186. f Dissertation, Berlin, 1890. 

t Ber. Dtsch. chem. Oes., zzriii, 2007. { Zeitschr. anorg. Chem., yii, 168. 
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tetroxide by the action of tartaric acid and estimating it in the 
residue by direct oxidation with standard iodine after having 
cooled the solution and having made it alkaline with a bicar- 
bonate. The possibility of applying this method of oxidation 
to the residue after the reduction with hydrobromic and 
hydriodic acids led to the series of experiments which it is the 
purpose of this paper to describe. The advantages of the 
treatment of the residue are obvious and the general method 
has been applied in a number of methods previously developed 
in this laboratory. In the first place the complicated apparatus 
necessary for the distillation and collection of the bromine or 
iodine is unnecessary, an ordinary boiling flask or Erlenmeyer 
beaker being sufficient. In case the distillation process is 
preferred, the residue may be treated by the method to be 
described as a control and the results by both processes allowed 
to check one another. 

For the work to be described solutions of ammonium 
vanadate were made and standardized by evaporating measured 
and weighed portions in a platinum crucible to dryness, and 
igniting in the presence of a drop of nitric acid. 

The reduction with hydriodic acid was first tried ; the method 
in general was as follows: Measured and weighed portions of 
the vanadate solution were placed in the Erlenmeyer breakers, 
the amounts of potassium iodide indicated in the tables added 
from a ten per cent solution and finally 10 cm* of a mixture of 
sulphuric acid and water in equal parts. The contents of the 
flask was then boiled imtil the fumes of iodine were no longer 
Tisible and the escaping steam gave no indication of free iodine 
with red litmus paper.* This point was reached when the 
volume of the liquid reached about 35 cm^ If large amounts 
of potassium iodide were used the resulting color was green, 
owing to the presence of iodine, dissolved in hydriodic acid^ 
with tiie blue tetroxide of vanadium; if smaller amounts of the 
iodide were used the resulting color was blue. The flasks 
were then removed from the flame and the contents nearly 
neutralized by the addition of a solution of potassium or sodium 
* Gooch and Mar, Am. Jour. Sci., xmrix, p. 800. Thia Toloxne, p. 10. 
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hydroxide,* cooled, and the neutralization completed with 
potassium bicarbonate in excess; care being taken to add a 
few drops of a tartaric acid solution to prevent the precipita- 
tion of the tetroxide. To the cooled solution a solution of 
iodine in potassium iodide was added in slight excess. This 
point can be quite easily determined, as the iodine is bleached 
rapidly if the solution is allowed to mix thoroughly as it is 
drawn from the burette into the flask. After the addition of 
a distinct excess of the iodine the flask should be closed with 
a cork coated with paraffin and allowed to stand about one-half 
hour. It will be noticed that at the end of about fifteen 
minutes the iodine has ceased to bleach, showing the oxidation 
to be complete. I have generally allowed the flasks to stand 
a few minutes longer to be sure of a complete oxidation. The 
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excess of iodine is then destroyed by standard arsenious acid 
solution, against which the iodine has been previously stan- 



* The potassium or sodium hydroxide for this work must be free from 
alcohol, as the solution is allowed to stand with iodine after neutralization. 
It was prepared by mixing potassium or sodium carbonate in proper propor- 
tions with calcium oxide and filtering off the calcium qarbonate. 
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dardizedy starch added and the color brought back with a few 
drops of iodine. The amount of arsenious acid solution used 
for the bleaching of the iodine, in terms of iodine subtracted 
from the whole amount of iodine used, gives the amount of 
iodine necessary to oxidize the vanadium from the condition of 
tetroxide to that of pentoxide. The results are given in the 
preceding table. 

The results are on the whole satisfactory, the average error 
of all the determinations being less than 0.0002 — . It will be 
noticed that large amounts of potassium iodide tend to give 
plus errors. 

The action of the hydrobromio acid was tried in exactly the 
same manner. It was found that when the residual volume of 
the liquid in the flask reached 25 cm* the blue color appeared, 
and the absence of free bromine was proved by holding a paper 
moistened with potassium iodide in tiie steam. If the boiling 
is not carried to the point indicated, where the blue color 
appears, the results come low, showing incomplete reduction* 
The results follow in the table. 



Bitp. 


T,0« tsksn. 


V^pUtoa, 


Error 


AmatuLt 


Amooiit 




grnL 


gnn. 


F*™- 


BT«L 


ont* 


m 


0.1890 


0.1876 


0.0014- 


L 


10 


U 


ai88e 


0.1886 


0.0000 


2 


10 


m 


0J885 


01882 


0.0fM)3- 


1 


10 


(4) 


0.1886 


0.1886 


0.0001+ 


\M 


10 


(5^ 


0.1881 


0.1873 


0.0008- 


1.6 


10 


(6) 


(lJ88fl 


0.1882 


0,0004- 


Si 


10 


m 


0.3907 


0.3804 


0.0013- 


2 


10 


(9 


0.:5fX)7 


0.3903 


0.0004- 


2 


10 


3) 


0.3907 


0.3894 


O.OOIS^ 


2 


10 


(10) 

(11 


O.S900 


0.3889 


0,0020- 


2 


10 


0.S911 


0.3903 


0.0008- 


1,5 


10 


(12) 


0.3002 


0,3900 


o.oooa- 


2.5 


10 




ATerage error oj 


aeriea - QSm 


r-, 
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THE SEPARATION AND IDENTIFICATION OF 
POTASSIUM AND SODIUM. 

Bt D. albert KREEDER and J. E. BRECKENRmGE* 

The application of the spectroscope to the detection of 
potassium and sodium, for which there has thus far been no 
alternative, is not so unsatisfactory in the evidence as to the 
presence or absence of these elements as it is in its utter 
failure, except under delicate quantitative comparisons, to give 
any idea as to the quantity of either element indicated ; and 
since the most minute quantity of either element is sufficient 
to produce its characteristic line in the spectroscope, together 
with the fact that so many of the reagents employed in analysis 
contain a trace of alkaU, the indication of the spectroscope 
is rendered misleading. While to the careful observer the 
presence or absence of potassium is invariably revealed, all 
evidence as to the ubiquitous element sodium is practically 
worthless. It has, therefore, appeared advisable to us to 
undertake the following work looking toward a method for 
the direct determination of sodium based upon the principle 
of the perchlorate method for the quantitative determination 
of potassium. The fact that, in the form of the perchlorate, 
potassium is insoluble while sodium is readily soluble in 97 
per cent alcohol, affords a means for the separation of the two 
elements as well as for the identification of the former. By 
converting the sodium in the filtrate from the precipitated 
potassium salt either to the chloride or sulphate, in which 
forms it is insoluble in alcohol, a means for the detection of 
sodium is also provided. 
Assured by the experiments previously published by one of 

• From Am. Jour. Sot, ii, 983. 
S6 
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us,* that the determinatioii of potassium according to this 
method would be sufficiently accurate, our experimentation 
was directed towards determining the conditions of greatest 
utility and delicacy for the detection of sodium. In converting 
the sodium from the perchlorate to the chloride, attempts were 
first made to substitute some soluble chloride for the &ee acid, 
the addition of which to the alcoholic solution of sodium 
perchlorate, it was feared, might result in the formation of 
the dangerously explosive compound, perchloric ether. But 
aniline hydrochloride, prepared by saturating a solution of 
aniline in absolute alcohol with gaseous hydrochloric acid, 
when applied to the precipitation of 0.010 grm. of sodium 
perchlorate dissolved in 5 cm* of 97 per cent alcohol, proved 
so hopelessly inadequate that we resorted immediately to the 
use of free acid, which, fortunately, was found perfectly safe 
even in the presence of considerable perchloric acid and at the 
boiling point of the mixture. 

The strongest aqueous solution of hydrochloric acid, how- 
ever, is inapplicable, as was proved by several experiments in 
which as much as 0.010 grm. of sodium perchlorate, dissolved 
in only 6 cm* of 97 per cent alcohol, failed to be revealed by 
the addition of the strongest aqueous solution of the acid, 
added in quantities varying from a single drop to 10 cm* — 
not the slightest turbidity being produced. By substituting 
for the aqueous solution of the acid, a saturated solution of 
hydrochloric acid in 97 per cent alcohol, of which 6 cm* were 
used for the precipitation, quantities of from 0.002 to 0.008 
grm. of sodium perchlorate dissolved in 6 cm* of 97 per cent 
alcohol could be detected with certainty ; but this could not 
be made sufficiently delicate. Concentrated sulphuric acid 
was also applied as the precipitant and was found reliable for 
quantities of about 0.003 grm. of sodium perchlorate dissolved 
in 10 cm* of 97 per cent alcohol, when a single drop of the 
acid was added, but an excess of the acid caused the precipitate 
to redissolve. Gaseous hydrochloric acid proved most efiEectuaL 
The dehydrating effect of the acid upon the alcohol greatly 
» Kreidcr, Am. Jour. Sci., vol. xliz, 448. This volume, p. 282. 
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increases the insolubility of sodium and secures a remarkable 
delicacy, as is evident from the results recorded in Table I. 



TABLE L 



NaC104 taken. 


Na,0 equivalent. 


97% alcohoL 


Indication. 


grm. 


grm. 


cm* 




0.0100 


0.00260 


10 


Very strong. 


0.0060 


0.00126 


10 


Strong. 


0.0040 


0.00100 


10 


Strong. 


0.0030 


0.00076 


10 


Strong. 


0.0030 


0.00076 


10 


Good. 


0.0020 


0.00060 


10 


Good. 


0.0020 


0.00060 


10 


Good. 


0.0010 


0.00026 


10 


Good. 


0.0006 


0.00012 


10 


Trace. 


0.0003 


0.00006 


10 


Trace. 


0.0001 


0.00003 


10 


None. 


0.0000 


0.00000 


10 


None. 


0.0010 


0.00026 


40 


Distinct. 



The sodium employed in these determinations was in the 
form of perchlorate, prepared by evaporating sodium chloride, 
free of potassium and ammonium, with perchloric acid until 
tests for hydrochloric acid proved a complete conversion to 
the perchlorate, when the excess of acid was volatilized by 
heating over a drying cone. Two grams of this purified salt 
were dissolved in 200 cm^ of 97 per cent alcohol and served 
for our standard solution for those tests in which quantities 
greater than 0.001 grm. of sodium perchlorate were used. 
When it appeared evident that smaller quantities could be 
detected with certainty, a solution of the salt containing 
0.050 grm. per 100 cm^ of water was used, and each portion 
evaporated to dryness before adding the alcohol. In each case 
the alcohol subsequent to its addition was saturated with 
gaseous hydrochloric acid, being kept cool by immersion in a 
beaker of water. For the generation of hydrochloric acid, the 
well known form of apparatus consisting of a side-neck flask, 
containing sodium chloride covered with hydrochloric acid 
fitted with a stoppered funnel, through which sulphuric acid 
could be admitted as desired, served admirably. 

It is evident, then, that by the use of 10 cm^ of 97 per cent 
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alcohol with gaseous hydrochloric acid, 0.0008 grm. of sodium 
oxide can be found with certainty ; and when the alcohol is 
allowed to become saturated with the gas even 0.00006 gim. 
of sodium oxide will be immistakably revealed. The quantity 
of alcohol, 10 cm^ is sufficient for all purposes, since this 
amount will dissolve about two grams of sodium perchlorate ; 
but even in 40 cm^ 0.0002 grm. of sodium oxide may be seen 
distinctly ; from which fact it is evident that this method 
can be applied to the quantitative determination of sodium. 
Absolute alcohol does not materially increase the delicacy of 
the test. 

In Table II are recorded the results of experiments made 
upon mixtures of the two elements. The sodium and potas- 
sium taken were drawn from separate standard solutions 
containing one gram of tlie purified perchlorates in 100 cm* 
of distilled water. After evaporating to dryness on the steam 
bath, the residue was treated with the usual amount of 97 per 
cent alcohol, the insoluble potassium perchlorate was removed 
by filtering through a dry paper filter and dry funnel into 
a dry test-tube, and tlie filtrate saturated with gaseous 

hydrochloric acid. 

TABLE n. 



KC104 


K,0 


NaC104 


Na,0 


Indication 


Indlcatioii 

fAF 


taken. 


equivalent. 


taken. 


equivalent. 


lor 
potassium. 


lOT 

sofliom. 


gnn. 


grm. 


grm. 


gnn. 






0.0500 


0.01099 


0.0500 


0.01260 


Strong. 


Strong. 


0.0200 


0.00680 


0.0200 


0.00600 


Strong. 


Strong. 


0.0100 


0.00340 


0.0100 


0.00260 


Strong. 


Strong. 


0.0060 


0.00170 


0.0060 


0.00125 


Strong. 


Strong. 


0.0040 


0.00186 


0.0040 


0.00100 


Good. 


Good. 


0.0030 


0.00102 


0.0080 


0.00076 


Good. 


Good. 


0.0020 


0.00068 


0.0020 


0.00060 


Good. 


Good. 


0.0010 


0.00034 


0.0010 


0.00025 


Good. 


Good. 


0.0005 


0.00017 


0.0006 


0.00012 


Trace. 


Trace. 


0.0003 


0.00010 


0.0003 


0.00007 


Trace. 


Trace. 


0.0001 


0.00008 


0.0001 


0.00008 


Faintest trace. 


None. 


0.0000 


0.00000 


0.0100 


0.00250 


None. 


Strong. 


0.0100 


0.00840 


0.0000 


0.00000 


Strong. 


None. 



These results prove that the two elements when combined 
in any proportion may be separated and identified with great 
delicacy. 
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Before applying this method, however, it is necessary to 
remove certain interfering substances. While potassium may 
be safely tested for in the presence of other bases and acids, 
except ammonium, caesium, and rubidium, and sulphuric acid* 
the large number of elements whose chlorides are insoluble in 
alcohol necessitates their removal before testing for sodium. 
But among the common alkalies ammonium is the only one 
whose presence is objectionable. Lithium does not affect 
either the test for potassium or sodium, as was determined by 
an experiment in which about 0.1 grm. of lithium chloride 
was converted into the perchlorate by evaporating with an 
excess of perchloric acid and treated with 10 cm* of 97 per 
cent alcohol. A perfectly clear solution was obtained, which 
upon saturation with gaseous hydrochloric acid and cooling, 
remained clear. The removal of sulphuric acid is necessitated 
by the insolubUiiy of sodium sulphate in alcohol. 

TABLE m. 



Basea taken 

Pb . Cu . Al . Fe . Zn . 

Ba . Ca . and Mg . a« nitrates. 


K,0 


Ka/) 
taSo. 


Tmlioation 

for 
potassium. 


Indication 

for 

sodium. 


gprm. 
0.0500 of each 
0.0500 
0.1000 
0.1000 


grm. 
0.0000 
0.0017 
0.0000 
0.0000 


grm. 
0.0000 
0.0012 
0.0000 
0.0005 


Faintest trace. 
Good. 

Faintest trace. 
Faintest trace. 


Trace. 
Good. 
Trace. 
Good. 



In the experiments made with potassium and sodium asso- 
ciated with other acids and bases, the results of which are 
recorded in Table III, the following treatment was adopted. 
The several groups of bases were successively removed in the 
ordinary way: Hydrogen sulphide in ammoniacal solution 
removed the lead, mercury, copper and zinc. Barium and cal- 
cium were removed by ammonium carbonate, the final filtrate 
being evaporated and ignited to the complete volatilization of 
ammonia. The residue was dissolved and treated with barium 
hydrate for the removal of mi lesium, and after filtering the 
barium was agaia' lO' ( i lium carbonate and the 
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filtrate evaporated and ignited as before. This residue ^was 
then treated with 10 em* of boiling water and after stirring 
was filtered in order to remove the organic matter usually 
found at this stage of the treatment. To the filtrate was 
added 0.1 to 0.6 cm* of pure perchloric acid, about 1.7 sp. gr., 
according to tlie amount of residue, and evaporated over the 
steam bath imtil the white fumes of perchloric acid appeared. 
When the quantity of sodium is large it is safer to evaporate 
several times in order to secure a complete conversion to the 
perchlorate, and in such case precautions must be taken to 
have sujfficient of tlie acid present Upon treating with 97 per 
cent alcohol the presence of potassium is revealed by an insolu- 
ble residue. This is removed by a dry filter and the filtrate 
saturated with gaseous hydrochloric acid, whereupon sodium, 
if originally present in amount greater than 0.0006 grm. of 
the oxide, will be precipitated in granular condition. 

The fact that minute traces of sodium and potassium are 
found in the blank tests is to be expected from the delicacy of 
the method as proved by Tables I and II, when it is remem- 
bered that but very few of the so-called chemically pure 
reagents are absolutely free of sodium and that even distilled 
water kept in glass vessels contains a trace of the alkaline ele- 
ments. However, the indication for sodium in the blank tests 
appeared only as a cloudiness and after complete saturation, 
while when the quantity of sodium oxide present is not less 
tLan 0.0006 the precipitate appears in granular form and before 
the alcohol is completely saturated, which leaves the method 
all that could be desired for qualitative determinations. 

Preparation of the Perchloric Add, — The perchloric acid 
prepared according to the method previously published by one 
of us,* by converting sodium chlorate into the perchlorate by 
heat, destroying the residual chlorate by treating with the 
strongest hydrochloric acid, from which the sodium chloride 
was separated by filtering through a Gooch filter and the 
excess of hydrochloric acid removed by evaporation — while 
answering perfectly well for the detection of potassium, is inap- 

* Krieder, Am. Jour. Sci., vol. xlix, 443. This volume p. 282. 
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plicable to the test for sodiiim, because of the small amount of 
this element which the acid always contains due to. the partial 
solubility of sodium chloride in hydrochloric acid. As distil- 
lation seems the only method for the removal of this residual 
sodium, our attention was given to a study of the best condi- 
tions for the distillation. Various experiments led to the 
adoption of the following treatment, which we found in every 
case perfectly safe and &irly rapid. To prevent loss by 
decomposition the distillation must be carried on under di- 
minished pressure, and unless the acid has been previously con- 
centrated by evaporating until the white fumes appear, if there 
is any considerable amount of the acid in the distilling flask, 
even with porcelain chips to check it, it blimps with such 
violence as to throw the liquid to all parts of the flask and 
possibly into the condenser. It appeared to be essential, there- 
fore, to start with only a small amount of the concentrated acid 
in an apparatus which would permit of the gradual addition 
of the acid without relieving the vacuum. Rubber stoppers 
or connectors are not advisably used where the acid may con- 
dense upon them and flow back into the flask. Invariably 
oxidizable matter is carried back, causing explosions which 
vary in force and seriousness according to circumstances. 

We, therefore, selected a strong distilling flask of about 
100 cm^ capacity and sealed into the tubulation a stoppered 
funnel which reached well into the bulb. The stop-cock of 
this funnel was carefully cleansed of vaseline and lubricated 
with metaphosphoric acid obtained by boiling syrupy ortho- 
phosphoric acid until the temperature of 850^ C. had been 
attained.* The side neck of the flask was inclined upward 
for a short distance before being bent into the receiver, with 
which it was connected by a rubber stopper through idiich 
the tube extended for a safe distance. An ordinary bottle of 
250 cm^ capacity served for a receiver and was closed hj a 
doubly perforated stopper. Through one of the perforations 

* This lubricant wiU be found entirelj ■aliifMtoxy and grestlj preferable 
to yaseUne in manj other operalions where the greai^x effect of the latter ia 
objectionable. 
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the adapter from the condenser was entered; through the 
other, connection was made with a small glass bulb inserted 
between the receiver and the next tube, containing moistened 
sticks of caustic potash, in order to prevent the potash from 
reaching the receiver in case of an accident to the pump. 
The object of the potash was to absorb any chlorine resulting 
from tlie inevitable slight decomposition of the acid, and 
thus to protect the mercury of the pump. For the exhaus- 
tion an automatic pump was employed and generally twenty 
minutes would suffice to reduce the pressure to about 8 mm., 
when the distillation was begun. The pump gradually 
reduced the pressure, which was kept at about 3 to 6 mm. 
The bottom of the distilling flask was covered with a layer 
of fine porcelain chips to a depth of about 1 cm* and the 
whole flask was suiTOimded by a cylinder of thin sheet iron 
closed below, while the upper opening was protected by an 
asbestos cover. By this means heat was uniformly applied to 
every part of tlie flask and up to the point at which, if the 
acid condensed, it would flow into the receiver. Three or 
4 cm^ of the acid were admitted to the flask, after which the 
temperature was raised to about 130° C. and the acid admitted 
at about the same rate that it dropped from the condenser, 
care being taken to prevent the liquid in the distilling flask 
from disappearing entirely. No danger was experienced in 
admitting the acid; the porcelain chips distribute the heat 
and prevent the colder acid from reaching the glass. 

Careful compliance with tlie above conditions will secure 
satisfactory results. As a rule we succeeded in distilling 
at the rate of 25 cm* to 40 cm* per hour, and when it is 
remembered that the product is the dihydrate of perchloric 
acid, the most concentrated form in which it is stable, and 
of which 0.1 grm. of potassium oxide requires only 0.16 cm*, 
it will be seen tliat by this process the acid may be prepared 
without great difficulty. 



LIX 

ON THE ESTIMATION OF CADMIUM AS THE 

OXIDE. 

By PHILIP E. BBOWKING akd LOUIS C. JONES .♦ 

In an article entitled " The Estimation of Cadmium " f Max 
Muspratt discusses critically some of the methods in use for 
the determination of that element. Muspratt finds that the 
method which involves the precipitation as carbonate, ignition 
and weighing as oxide gives low results, and he accounts for 
these results by the well known tendency of cadmium to 
reduction, especially in the presence of organic matter. To 
avoid this reduction he dissolved the precipitated carbonate 
in nitric acid, evaporated to dryness on a water bath, and 
gently ignited the nitrate to the condition of the oxide. This 
treatment also gave low results, although the oxide obtained 
from the ignition of the nitrate was found to contain traces 
of sulphate from the solution of the cadmium sulphate used. 
A second method of treatment was to filter and dry the 
precipitated carbonate and remove as much of it as possible 
to a weighed porcelain crucible, ignite, and weigh by itself. 
This oxide was found to be free from traces of sulphate.^ 

The remainder of the cadmium oxide adhering to the paper 
was dissolved in pure nitric acid and the solution and rinsings 
evaporated to dryness and ignited in a weighed crucible and 
weighed. Here also low results were obtained which, after 
the extended process of manipulation, would scarcely seem 
surprising. If, however, Muspratt adds, the oxide obtained 

* From Am. Jour. Sci., ii, 209. 
t Jour. Sci. Chem. Ind., xiii, 211. 

t Maspratfs theory is that in the ignition of the carbonate the sulphate ii 
dissociated, while the ignition of the nitrate does not effect this result 
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from the ignition of the carbonate be taken as Cd,0 the 
results are satisfactory. 

A thiixl mollification gives more satisfactory results. The 
method of treatment is the same as the last mentioned, except 
tliat the oxide obtained from tlie ignition of the carbonate is 
ignited in a stream of oxygen imtil no further increase in 
weight results. 

In a former paper from this laboratory * one of us made 
use of the carbonate method for the determination of cadmium 
after liaving separated that metal from copper. The filtration 
was made on asbestos in a Gooch crucible and the results 
were most satisfactory. The object of the work to be de- 
scribed is to show that when the carbonate is filtered upon an 
asbestos felt previously ignited the dangers of reduction are 
obviated and the carbonate process is both simplified and 
placed among good analytical methods. The solution used 
for the work was one of cadmium sulphate, and the standard 
was determined by evaporating measured and weighed por- 
tions to dryness in the presence of a few drops of sulphuric 
acid, igniting at low redness, and weighing as the anhydrous 
sulphate. The average of several closely agreeing results 
was taken as the standard. Measured and weighed portions 
of this solution were diluted to about 300 cm* with hot water 
and a solution of potassium carbonate, 10 per cent, added 
drop by drop ^vitll constant stirring until no further pre- 
cipitiite was obtained. The precipitate was then boiled for 
about fifteen minutes, when it became granular and settled 
quickly. It was then filtered upon asbestos, washed thor- 
oughly, dried, and ignited at red heat until a constant weight 
was obtained. In several instances the weighed oxide was 
treated with a drop of nitric acid, again ignited and weighed, 
but in no case was there a perceptible change in weight. In 
the following table the results are tabulated. 

As will be noticed, the results show a plus error which 
might naturally be due to a slight inclusion of tlie alkali 
carbonate. To test the truth of this hypothesis, a portion of 
♦ Browning, Am. Jour. Sci., xlvl, 280. This Tolume, p. 226. 
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Exp. 


OdOtakoL 


OdO found. 


Knor. 




Bnn. 


ffm. 


jgiltQ. 


n> 


0.1140 


0.1143 


o.oooaf 


m 


01 W2 


0.11S7 


0.0005^ 


(3) 


0.1141 


o.ms 


0,0007+ 


(4} 


0.U41 


0.1148 


0.0007+ 


(6) 


0.1142 


01146 


0.0OO4+ 


(6) 


0J143 


0.1147 


0.0004+ 


(7J 


0.1143 


0.1144 


0.0001+ 


(8) 


0.1 13& 


0.1146 


0.0007+ 


W 


0.1270 


0.1272 


0.0002+ 


(10) 


0.1279 


01283 


00004+ 


(11) 


0,1272 


01^1 


O.OOOOf 


a2; 


0.1278 , 


01281 


00003+ 


Ju;, 


0.2566 


0.2S61 


0.0006+ 


o.26ao 


0.2547 


0.0003^ 


(16 


0J272 


01270 


0.0007+ 


(ifl 


0.1281 


01288 


0.0007+ 


(IT) 
(181 


0.1274 


01278 


0XX>04+ 


0,1284 


0.1290 


0.{fiMjG+ 


Ofi^ 


0.1271 


0.1277 


O.OOOfH- 


(20. 


0.1278 


0.1286 


0.0007+ 


(211 


0.2655 


0.2655 


o.oooo 



the oxide which gave a plus error of 0.0007 grm. was dissolved 
and tested for potassium by the perchloric acid method * and 
an amount of that element was found equal to 0.0006 grm. of 
the carbonate. Another portion of the oxide which showed 
no error was similarly treated and only 0.0002 grm. of the 
carbonate was found. The results show, as we think, that 
the carbonate method can be successfully applied to the 
quantitative estimation of cadmium without recourse to the 
tedious process of manipulation recommended by Muspratt. 

* Kreider, Am. Jour. Sci., xliz, 443. This volume, p. 282. 
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